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1 . This technical data may be controlled under U.S. Export Administration Regulations and may 
be subject to the approval of the U.S Department of Commerce prior to export. Any export 
or re-export, directly or indirectly, in contravention of the U.S. Export Administration 
Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this data book are not authorized for use as critical 
components in life support systems without the written consent of the appropriate officer of 
Toshiba America, Inc. Life support systems are either systems intended for surgical implant 
in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to perform may 
cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this data book has been carefully checked and is believed to be reliable; 
however, no responsibility can be assumed for inaccuracies that may not have been caught. 
All information in this data book is subject to change without prior notice. Furthermore, 
Toshiba cannot assume responsibility for the use of any license under the patent rights of 
Toshiba or any third parties. 
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Introduction 



We are proud to introduce Toshiba's 1994 DRAM Components and Modules data book. The layout and 
contents of this data book were designed to address and resolve various concerns expressed by the design 
engineering and purchasing communities. 

The first section consists of our DRAM component data sheets and corresponding package mechanical 
dimensions. It was our intention only to provide data sheets which correspond to part numbers of DRAM products 
which are in volume production and are recommended for new designs. We hope that this approach will help 
eliminate the experience of designing-in a particular device, only to find out later that it is difficult or impossible 
to source. 

The next section consists of DRAM module data sheets and their corresponding AC conditions. Again, only 
module configurations and part numbers in volume production are listed in this section. 

We have included a section labeled "Next Generation Products". The devices in this section will soon be in 
production and are suitable for new designs in the 1994 time-frame. 

Finally, we have included reference documents and application notes to make your use of our products easier. 

For additional information, please contact your local Toshiba sales office listed on the back cover. 
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CONTENTS 



DRAM COMPONENTS 



PART NUMBER 


DESCRIPTION 


ISSUE DATE 


PAGE 


TC514100ASJ/AZ/AFT-60/70/80 


4Mxl Fast Page 


05-91 


A-l 


TC5 14100ASJL/AFTL-60/70/80 


4Mxl Low Power 


05-91 


A-21 


TC5 1 16 100J/Z/FT-60/70 


16Mxl Fast Page 


10-91 


A-39 


TC5 14400AS J/AZ/AFT-60/70/80 


1Mx4 Fast Page 


05-91 


A-59 


TC5 14400ASJL/AFTL/ATRL-60/70/80 1Mx4 Low Power 


05-91 


A-79 


TC51V4400ASJL/AFTL-80 


1Mx4 3.3V Low Power 


04-92 


A-99 


TC514410ASJ-60/70/80 


1Mx4 Write-per-bit 


10-90 


A-l 19 


TC5 1 17400J/Z/FT-60/70 


4Mx4 Sym-2K 


10-91 


A- 139 


TC5116400J/FT-60/70 


4Mx4 Asym-4K* 


10-91 


A-159 


TC5 14800AJ/AZ/AFT-70/80 


512Kx8 Fast Page 


08-92 


A- 185 


TC5 14800AJL/AFTL-70/80 


512Kx8 Low Power 


08-92 


A-207 


TC5 14800AJLL/AFTLL-70/80 


512Kx8 Self Refresh 


08-92 


A-229 


TC51 17800ANJ/ANT-60/70/80 


2Mx8 Asym-2K* 


08-92 


A-247 


TC5 14900AJ/AFT-70/80 


512Kx9 Fast Page 


08-92 


A-271 


TC514900AJL-70/80 


512Kx9 Low Power 


08-92 


A-293 


TC514900AJLL-70/80 


512Kx9 Self Refresh 


08-92 


A-315 


TC5 14260B J/BFT-70/80 


256Kxl6 2-CAS Sym-512* 


12-91 


A-333 


TC514170BJ-70/80 


256Xxl6 2-WE Asym-IK* 


08-91 


A-363 


TC514273BJ-70/80 


256Kxl6 2-WE Write-per-bit 


06-92 


A-393 


TC51 18160AJ/AFT-70/80 


1Mx16 2-CAS Sym-IK* 


08-92 


A-421 


TC51 16160AJ/AFT-60/70/80 


1Mx16 2-CAS Asym-4k* 


08-92 


A-449 


TC5 1 1 8 1 80AJ/AFT-70/80 


1Mx18 2-CAS Sym-IK* 


08-92 


A-479 


TC5 1 161 80AJ/AFT-60/70/80 


1Mx18 2-CAS Asym-4K* 


08-92 


A-511 



* See NOTE 1 on last contents page 
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DRAM PACKAGE MECHANICAL DIMENSIONS 



DRAWING NUMBER 


DRAM COMPONENTS) 




PAGE 


ZIP20-P-400A 


4Mxl, 1Mx4 




B-l 


ZIP24-P-475 


16Mxl, 4Mx4 




B-2 


ZIP28-P-400 


512Kx8 




B-3 


SOJ26-P-300A 


4Mxl, 1Mx4 




B-4 


SOJ28-P-400A 


16Mxl, 4Mx4 




B-5 


SOJ28-P-400 


512Kx8, 2Mx8, 512Kx9 




B-6 


SOJ40-P-400 


256Kxl6 




B-7 


SOJ42-P-400 


1Mx16, 1Mx18 




B-8 


TSOP26-P-300 


4Mxl, 1Mx4 




B-9 


TSOP26-P-300A 


1Mx4 (Reverse-bend) 




B-10 


TSOP28-P-400B 


16Mxl,4Mx4 




B-ll 


TSOP28-P-400 


512Kx8, 2Mx8, 512Kx9 




B-12 


TSOP44-P-400B 


256Kxl6 




B-13 


TSOP50-P-400 


1Mx16, 1Mx18 




B-14 


DRAM MODULES 








PART NUMBER 


DESCRIPTION 


ISSUE DATE 


PAGE 


THM321000AS/ASG-60/70/80 


1Mx32, lMx4-based 


10-91 


C-l 


THM32 1 0B0 AS/ASG-70/80 


1Mx32, lMxl6-based 


12-92 


C-7 


THM322020AS/ASG-60/70/80 


2Mx32, Mx4-based 


02-92 


C-13 


THM3220C0AS/ASG-70/80 


2Mx32, lMxl6-based 


12-92 


C-19 


THM324000S/SG-60/70 


4Mx32 4Mx4-based 


10-92 


C-25 


THM328020S/SG-60/70 


8Mx32 4Mx4-based 


10-92 


C-31 


THM36 1020AS/ASG-60/70/80 


1Mx36, lMx4/lMxl-based 


11-91 


C-37 


THM3610B0AS/ASG-70/80 


1Mx36, lMxl8-based 


05-93 


C-43 


THM36 1 070 AS/ASG-60/70/80 


1Mx36 lMx4-based ECC+ 


03-93 


C-49 


THM362020AS/ASG-60/70/80 


2Mx36, lMx4/lMxl-based 


02-92 


C-55 


THM369040AS/ASfi-fiO/70/R0 


2Mx3fi T'Hpiaht 


02-92 




THM3620C0AS/ASG-70/80 


2Mx36, lMxl8-based 


05-93 


C-67 


THM362060AS/ASG-60/70/80 


2Mx36, lMx4-based, ECC+ 


03-93 


C-73 


THM364020S/SG-60/70 


4Mx36, 4Mx4/4Mxl-based 


10-92 


C-79 


THM3640A0S/SG-60/70 


4Mx36, 4Mx4-based, ECC+ 


03-93 


C-85 


THM368020S/SG-60/70 


8Mx36, 4Mx4/4Mxl-based 


10-92 


C-91 


THM3680A0S/SG-60/70 


8Mx36, 4Mx4-based, ECC+ 


03-93 


C-97 



+ See NOTE 2 on last contents page. 
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DRAM MODULE AC CONDITIONS 



REFERENCE NUMBER 


DESCRIPTION 


ISSUE DATE 


PAGE 


AC Conditions No. 


4 


lMx4/lMxl-based 


10-91 


D-l 


AC Conditions No. 


8 


lMx4-based 


10-91 


D-9 


AC Conditions No. 


11 


lMx4-based, with OE 


03-93 


D-23 


AC Conditions No. 


12 


lMx4/lMxl TSOP-based 


10-91 


D-45 


AC Conditions No. 


13 


4Mx4 4K Refresh-based 


03-93 


D-55 


AC Conditions No. 


15 


4Mx4/4Mxl-based 


02-92 


D-77 


AC Conditions No. 


16 


4Mx4 2K Refresh-based 


04-92 


D-85 


AC Conditions No. 


20 


1Mx16 and lMxl8-based 


04-93 


D-99 



NEXT GENERATION PRODUCTS 

REFERENCE NUMBER DESCRIPTION PAGE 

Third Generation 16M DRAM 16M DRAM 16Mxl/4Mx4 in 300mil SOJ/TSOP E- 1 

4Mx4 Quad-CAS 
Hyper Page Mode 
3.3V Operation 
512Kx32/x36 

3.3V DRAM 256Kxl6, 16Mxl,4Mx4, 1Mx16,2Mx8 E-7 

Small Outline SIMM x32 Family, 2.35" Length, Dual Readout E-9 



8-Byte SIMM x64 and x72 Families E- 1 1 

CROSS REFERENCE GUIDE F-l 

16M DRAM RELIABILITY REPORT G-l 
APPLICATION NOTES 

APPLICATION NOTE TITLE PAGE 

Symmetrical vs. Asymmetrical Addressing H-l 

1Mx16 (5 V) vs. 1Mx4 (3 .3 V) DRAM Comparison H-5 

Module Conversion from 4M DRAM-based to 16M DRAM-based H-7 

Module Applications H-9 
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NOTE 1: 

Sym-5 12 = Symmetrical Address(9 Row/9 Column) 

512 Refresh Cycles/8ms 
Sym-IK = Symmetrical Address (10 Row/10 Column) 

1024 Refresh Cycles/16ms 
Sym-2K = Symmetrical Address (11 Row/1 1 Column) 

2048 Refresh Cycles/32ms 
Asym-IK = Asymmetrical Address (10 Row/8 Column) 

1024 Refresh Cycles/16ms 
Asym-2K = Asymmetrical Address (1 1 Row/10 Column) 

2048 Refresh Cycles/32ms 
Asym-4K = Asymmetrical Address (12 Row/10 Column for 4M or 12 Row/8 Column for 1Mx16) 

4096 Refresh Cycles/64ms 

Refer to Application Note for further details 
NOTE 2: 

x36 modules designated with "ECC" are optimized for ECC applications and x36 modules without the 
"ECC" designation are optimized for parity applications. 
Refer to Application Note for further details. 
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TC514100ASJ/AZ/AFT-60/70/80 



4,194,304 WORD X 1 BIT DYNAMIC RAM 
DESCRIPTION 

THE TC514100A is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 
TC5 1441 OAS J/AZ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514100A to be packaged in a standard 26/20 pin plastic SOJ (300mil), 20 pin plastic ZIP, 26/20 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in V BB generator 

• Low Power 

660mW MAX. Operating 
(TC5 14100ASJ/AZ/AFT-60) 
550mW MAX. Operating 
(TC5 14100ASJ/AZ/AFT-70) 
468mW MAX. Operating 
(TC5 141 00AS J/AZ/AFT-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selection 

• Common I/O capability using "EARLY 
WRITE" operation 

• Read-Modify- Write, CAT? before RSS" refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/1 6ms 

• Package TC514400ASJ : SOJ26-P-300A 

TC514400AZ : ZIP20-P-400A 
TC5 14400 AFT : TSOP26-P-300 



KEY PARAMETERS 



ITEM 


TC5 1 4400 AS J/AZ/AFT 


-60 


-70 


-80 


l RAC RAS Access Time 


60ns 


70ns 


80ns 


^AA Column Address 
Access Time 


30ns 


35ns 


40ns 


*CAC €A"5 Access Time 


20ns 


20ns 


20ns 


tRC Cycle Time 


110ns 


130ns 


150ns 


tpC Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



A-1 



TC514100ASJ/AZ/AFT-60/70/80 



PIN NAME 



A0-A10 


Address Inputs 


KA"5 


Row Address Strobe 


Din 


Data In 


D OUT 


Data Out 


CM 


Column Address Strobe 


WRITE 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



1/01 C 1 
l/02 [ 
WRITEC 

raSC 

A9[ 



Plastic SOJ 



Plastic ZIP 



Plastic TSOP (Normal Bend Type) 




A-2 
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TC514100ASJ/AZ/AFT-60/70/80 



BLOCK DIAGRAM 

wrTtT o- 



M I C U | 

cas o— f — 



V C C v ss 

? ? 



AO 0>- 
A1 O-*- 
A2 0->- 
A3 <>>- 
A4 0->» 
AS O*- 
A6 0-»- 
A7 0-»- 
A8 0+- 
A9 O-*- 
A10 0->- 



11 



11 



RAS O- 



N0.2 CLOCK 
GENERATOR 



COLUMN 
ADDRESS 
BUFFERS (11) 



REFRESH 
CONTROLLER 



ROW 
ADDRESS 
BUFFERS (11) 



NO.1 CLOCK 
GENERATOR 



REFRESH 




COUNTER (10) 




10 





1 1 







uu 


! 




i 


O O 


1024 




i 
i 


LU 


i 


Q 


i ^ 







DATA IN 
BUFFER 



DATA OUT 
BUFFER 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATING 



-4096 



MEMORY 
ARRAY 



-*<5 D 



IN 



-O Dqut 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 1-7 


V 




Output Voltage 


V()UT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


^SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


i 

OUT 


50 


mA 





*This parameter is periodically sampled and is not 100% tested, 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514100ASJ/AZ/AFT-60/70/80 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 




Input Low Voltage 


-1.0 




0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


i 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RA5,~CAS, Address Cycling: t RC =tRc MIN) 


TC5 14100ASJ/AZ/AFT-60 




120 


mA 


3,4 
5 


TC5 14100ASJ/AZ/AFT-70 


- 


100 


TC5 14100ASJ/AZ/AFT-80 




85 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CAS=V IH ) 




2 


mA 




1 

CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling,TA5=V IH : t RC =t RC MIN.) 


TC5 141 00 AS J/AZ/AFT-60 


- 


120 


mA 


3,5 


TC514100ASJ/AZ/AFT-70 




100 


TC5 14100ASJ/AZ/AFT-80 


- 


85 


1 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS =V IL ,"CAS, Address Cycling: tpc=tpc MIN.) 


TC514100ASJ/AZ/AFT-60 




60 


mA 


3,4 
5 


TC514100ASJ/AZ/AFT-70 




60 


TC514100ASJ/AZ/AFT-80 




50 


1 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RA5=CAS=V CC -0.2V) 




1 


mA 




1 

CC6 


CAS" BEFORE"KAS REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t RC =t RC MIN.) 


TC514100ASJ/AZ/AFT-60 




120 


mA 


3,5 


TC514100ASJ/AZ/AFT-70 




100 


TC5 14100ASJ/AZ/AFT-80 




85 


1 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV.cVnfS6.5V, All Other Pins Not Under Test=OV) 


-10 


10 


"A 




'o(L) 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV<V ut<5.5V), 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iour=-5niA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IouT=4.2mA) 




0.4 


V 
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TC514100ASJ/AZ/AFT-60/70/80 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 14100ASJ/AZ/AFT 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 




Random Read or Write Cycle Time 


110 




130 




150 




ns 




Irmw 


Read-Modify- Write Cycle 


135 




155 




175 




ns 




tpc 


Fast Page Mode Cycle Time 


45 




45 




50 




ns 




*PRMW 


Fast Page Mode Read-Modify- 
Write Cycle Time 


70 




70 




75 




ns 




RAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


9,14, 
15 


k:AC 


Access Time from CAS 




20 




20 




20 


ns 


9,14 


l AA 


Access Time from Column Address 


_ 


30 


_ 


35 




40 


ns 


9,15 


k:PA 


Access Time from CAS Precharge 


- 


40 


- 


40 


- 


45 




9 


kxz 


CSS to Output in Low-Z 





- 





- 





- 


ns 


9 


k)FF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


40 




50 




60 




ns 




l RAS 


KSS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




*RASP 


KSS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




*RSH 


KSS Hold Time 


20 




20 




20 




ns 




tRHCP 


KSS Hold Time FromCSS 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




tcSH 


CM Hold Time 


60 


- 


70 


- 


80 


- 


ns 




k:AS 


CSS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




*RCD 


RAS" to CSS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay 
Time 


15 


30 


15 


35 


15 


40 


ns 


15 


tcRP 


CSS to RSS Precharge Time 


5 


- 


5 




5 


- 


ns 




tcp 


CSS Precharge Time 


10 




10 




10 




ns 




l ASR 


Row Address Set-Uup Time 





_ 





_ 





_ 


ns 




tRAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ACH 


Column Address Set-Up Time 


















ns 




k:AH 


Column Address Hold Time 


15 




15 




15 




ns 




l RAL 


Column Address To RAS Lead 
Time 


30 




35 




40 




ns 




tRCS 


Read Command Set-Up Time 

















ns 




*RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


twCH 


Write Command Hold Time 


10 




15 




15 




ns 
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TC514100ASJ/AZ/AFT-60/70/80 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 141 00 AS J/ AZ/ AFT 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


*WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




*CWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




4 DS 


Data Set-Up Time 


o 




o 




o 




ns 


12 


l DH 


Data Hold Time 


15 


- 


15 


- 


15 


- 


ns 


12 


*-REF 


Refresh Period 




16 




16 




16 


ms 




twcs 


Write Command Set-Up Time 

















ns 


13 


k:WD 


CAS to WRITE Delay Time 


20 


- 


20 


- 


30 


- 


ns 


13 


l RWD 


RAS to WRITE Delay lime 


60 




70 




80 




ns 


13 


'•AWD 


Column Address to WRITE Delay 
Time 


30 




35 




40 




ns 


13 


tcPWD 


CAS Precharge to WRITE Delay 
Time 


40 


- 


40 


- 


45 


- 


ns 


13 


tcSR 


CSS" Set-up Time 
<£S5 before RAS" Cycle) 


5 


- 


5 


- 


5 


- 


ns 




tcHR 


CM Hold Time 
(CSS before ESS Cycle) 


15 


- 


15 


- 


15 


- 


ns 




l RPC 


ESS" to CSS Precharge Time 





- 





- 





- 


ns 




tcPT 


CSS Precharge Time 

(CSS before ESS Counter Test 

Cycle 


30 




40 




40 




ns 




%TS 


Write Command Set-up Time 
(Test Mode In) 


10 




10 




10 




ns 




twTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CSS before ESS Cycle) 


10 




10 




10 




ns 




%RH 


Write to"ESS Hold Time 
{CSS before ESS"Cycle 


10 




10 




10 




ns 
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TC514100ASJ/AZ/AFT-60/70/80 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5 1 4 1 00 AS J/AZ/AFT 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 




*RC 


Random Read or Write Cycle Time 


115 




135 




155 




ns 




^PC 


Fast Page Mode Cycle Time 


50 




50 




55 




ns 




^RAC 


Access Time from RAS 




65 




75 




85 


ns 


9, 14, 
15 


tCAC 


Access Time from CAS 




25 




25 




25 


ns 


9, 14 


l AA 


Access Time from Column Address 




35 




40 




45 


ns 


9, 15 


^CPA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


9 


^RAS 


KM Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




l RASP 


KM Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




l RSH 


KM Hold Time 


25 




25 




25 




ns 




k:SH 


CM Hold Time 


65 




75 




85 




ns 




tRHCP 


KM Hold Time From CM Pre- 
charge (Fast Page Mode) 


45 




45 




50 




ns 




*CAS 


CM Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead Time 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0~A10, D IN ) 




5 




c I2 


Input Capacitance (RAS, CAS, WRITE) 




7 


pF 


Co 


Input Capacitance (D OUT ) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci- !cc3' !cc4. Icce depend on cycle rate. 

4. Iccj, Icqi depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of 1^4, it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or tj^H must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13. t wcs , t RWD , tcwo, t AW o and tc PWD are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD-tcwD (min.), t AWD >t AWD (min.) and tcpwp^tcpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tgj^ (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If t^o is greater than the specified t^u (max.) limit, then access time is 
controlled by t^. 



A-8 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJ/AZ/AFT-60/70/80 



TIMING WAVEFORMS 
READ CYCLE 




WRITE 



Oqut 



WRITE CYCLE (EARLY WRITE) 



A0~A10 




D UT 



Voh- 

VOL- 



: "H" or "L" 
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FAST PAGE MODE READ CYCLE 



*RP 



Ra5 



Vih 



Ca5 



A0-A10 



WRITE 



DquT 



V,H — ■ 



tRASP 



tCSH 



_ ' *cp ; '| | tRHep ; 

*CAS *CAS t C AS 



JPJL. 



tRSH 




"H" or "L" 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




WRITE 



Dqut 



V H 

Vol — 
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K£5 ONLY REFRESH CYCLE 



■ tup 




Note: WRITE, A10= "H" or "L" 



CSS BEFORE KX3 REFRESH CYCLE 




Note: A0~A10= "H" or "L" 




: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



M tRP 
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WRITE, CSS BEFORE R55 REFRESH CYCLE 




Note: Din, A0~A10= "H" or "L" 




: "H" or "L" 



READ CYCLE IN THE TEST MODE 




A-16 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJ/AZ/AFT-60/70/80 



WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



A0~A10 



WRITE 




D UT 



V H- 
VOL- 



OPEN 



: "H" or "L" 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 



V| H 
VlL 



= s; 



CSS 



tRASP 



tRAL 



AO~A10 



write 



DquT 



tpr 



,t C p 




tRSH 



*rp 
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TEST MODE 

The TC5 14 100/AS J/AZ/AFT is the RAM organized 4,194,304 words by 1 bits, internally organized 
524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
A 10R , A 10C and Aqq is not used. If, upon reading, all bits equal (all "l"s or "0"s), the data output pin indicates a 
"1". If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows the block diagram of 
TC5 1 400/AS J/AZ/AFT. In "Test Mode", the 4M DRAM can be tested as if it were a 5 12K DRAM. 

"WRITE, CA"5 Before KAU Refresh Cycle" puts the device into "Test Mode". And "CAS Before RA"5 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
'Test Mode" function reduces test times (1/8 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 




Figure 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 14100ASJL/AFTL is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 
TC514100ASJL/AFTL utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514100ASJL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 26/20 pin plastic 
TSOP. The package size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 5V+ 10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 

• 4,194,304 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in V BB generator 

• Low Power 

660mW MAX .Operating 
(TC5 14100ASJL/AFTL-60) 
550mW MAX. Operating 
(TC514100ASJL/AFTL-70) 
468mW MAX. Operating 
(TC514100ASJL/AFTL-80) 
l.lmWMAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selection 

• Common I/O capability using "EARLY 
WRITE" operation 

• Read -Modify-Write, C5S" before R"%5 refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/1 28ms 

• Package TC514400ASJL : SOJ26-P-300A 

TC5 14400 AFTL : TSOP26-P-300 



KEY PARAMETERS 



ITEM 


TC5 14100ASJL/AFTL 


-60 


-70 


-80 


l RAC KA~5 Access Time 


60ns 


70ns 


80ns 


*AA Column Address 
Access Time 


30ns 


35ns 


40ns 


*CAC CAS Access Time 


20ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


*PC Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



TOSHIBA AMERICA ELECTRONIC COMPONENTS IMP 



TC514100ASJL/AFTL-60/70/80 



PIN NAME 



A0-A10 


Address Inputs 


KXS" 


Row Address Strobe 


Din 


Data In 


D OUT 


Data Out 


UKS 


Column Address Strobe 


WRITE 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic TSOP (Normal Bend Type) 



Din -, 
WRITEQ2 

RAST 3 
N.C.C 4 
A10[ 




DjnC 

WRITEC 
RASE 
N.C.C 
A10C 

A0[ 
A1C 
A2[ 
A3C 
VccC 



11 
12 
13 



26 ]V SS 
25 ]Dout 
3 CAS 
N.C. 
] A9 



9 18 

10 17 



] A8 
] A7 
] A6 
3A5 
] A4 
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BLOCK DIAGRAM 



WRITE O- 
CAS O- 



AO O*- 
A1 O*- 
A2 0*» 
A3 <>>- 
A4 &*- 
A5 O*- 
A6 0+- 
A7 0-» 
A8 <>*- 
A9 0->- 
A10 0+" 



N0.2 CLOCK 
GENERATOR 



TT 



^0 



ra5 o- 



COLUMN 
ADDRESS 
BUFFERS (11) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



ROW 
ADDRESS 
BUFFERS (1 1) 



Vcc V SS 

? ? 



NO.1 CLOCK 
GENERATOR 



$ a 
o o 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



TT 







=1=0 



1024 



COLUMN 
DECODER 



--4096-- 



MEMORY 
ARRAY 



-*0 D| N 



*-0 Dqut 



SENSE AMP. H 
I/O GATING 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


VoUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-150 


°C 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KS5, CSS, Address Cycling: t RC =tRc MIN.) 


TC514100ASJL/AFTL-60 


- 


120 


mA 


3,4 
5 


TC5 14100ASJLyAFTL-70 


- 


100 


TC5 14100ASJL/AFTL-80 




85 


! CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KS5=CSS=V IH ) 




2 


mA 




!CC3 


ESS ONLY REFRESH CURRENT Average 
Power Supply Current, 5355 Only Mode 
(ESS Cycling, CSS=V ffl : t RC =t RC MIN.) 


TC5 14100ASJL/AFTL-60 




120 


mA 


3, 5 


TC514100ASJL/AFTL-70 




100 


TC5 14100ASJL/AFTL-80 


- 


85 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KS5 =V IL ,TS5,Address Cycling:t PC =t PC MIN.) 


TC5 14100ASJL/AFTL-60 




60 




3,4 
5 


TC514100ASJL/AFTL-70 




UO 


TC514100ASJL/AFTL-80 


- 


50 


^5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CS5=V CC -0.2V) 




200 


uA 




! CC6 


CAS BEFORE"KS5 REFRESH CURRENT 


TC5 14100ASJL/AFTL-60 




120 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (KSS, CSS, Cycling: t RC =t RC MIN.) 


TC514100ASJL/AFTL-70 




100 


TC5 14100ASJLyAFTL-80 




85 


IcC7 


Battery Back Up Current 

Average Power Suuply Current, Battery Back Up Mode 
(CA~5=CA~5 Before R~A~5 Cycling or 0.2V, WRTTE=V CC -0.2V 
A0~10=V CC -0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or OPEN: 
t RC =125us, ^8=1^ MIN. -Ins) 




300 


uA 


3.6 


! I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V^.SV, All Other Pins Not Under Test=0V) 


-10 


10 


UA 




W) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V ut^ 5 5v ) 


-10 


10 


UA 




V H 


OUTPUT LEAKAGE CURRENT 
Output "H" Level Voltage (I 0UT =-5mA) 


2.4 




V 




Vol 


OUTPUT LEAKAGE CURRENT 
Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



SYMBOL 


PARAMETER 


TC5 141 00AS JL/AFTL 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAY 

1V1/VA.. 


MIN 


MAY 




MAY 

1V1/VA. 


l RC 


Random Read or ^Vrite Cycle Time 


i 10 




1 ~\C\ 

1JU 




1 SO 




ns 




*RMW 


Read-Modify- Write Cycle 






1 

1JJ 




17S 




ns 




l PC 


Fast Page Ivlode Cycle Time 


45 




45 




50 




ns 




tpRMW 


Fast Page Mode Read-^^odify-Write 
Cycle Time 


70 




70 




7S 




ns 




l RAC 


Access Time from RAS 




60 




70 




80 


ns 


10,15, 
16 


k:AC 


Access Time from CAS 


- 


20 


- 


20 


- 


20 


ns 


10,15 


'aa 


Access Time from Column Address 




30 




35 




40 


ns 


10,16 


tcPA 


Access Time from CAS Precharge 




40 




40 




45 




10 


kxz 


CAS to Output in Low-Z 

















ns 


10 


toFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


11 


t x 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


9 


*RP 


RAS" Presharge Time 


40 




50 




60 




ns 




*RAS 


RAS" Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




^RASP 


RAS" Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




^RSH 


RAS" Hold Time 


20 




20 




20 




ns 




tRHCP 


RAS" Hold Time FromTAS" 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




tcSH 


CAS" Hold Time 


60 


- 


70 


- 


80 


- 


ns 




k:AS 


CAS" Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




l RCD 


RAS to CAS" Delay Time 


20 


40 


20 


50 


20 


60 


ns 


15 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


16 


k:RP 


CAS to RAS Precharge Time 


5 




5 




5 




ns 




tcp 


CAS Precharge Time 


10 




10 




10 


. 


ns 




*ASR 


Row Address Set-Up Time 

















ns 




'•RAH 


Row Address Hold Time 


10 




10 




10 




ns 




*ASC 


Column Address Set-Up Time 


















ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


12 


£ RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


12 


twCH 


Write Command Hold Time 


10 




15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 141 00 AS JL/AFTL 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


WP 


Write Command Pulse Width 


10 




15 




15 




ns 




^RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




l DS 


Data Set-Up Time 





- 










- 


ns 


13 


*DH 


Data Hold Time 


15 




15 




15 




ns 


13 


tREF 


Refresh Period 




128 




128 




128 


ms 




%CS 


Write Command Set-Up Time 

















ns 


14 


*CWD 


CAS to WRITE Delay Time 


20 




20 




20 




ns 


14 




RAS to WRITE Delay Time 


60 


- 


70 


- 


80 


- 


ns 


14 


tAWD 


Column Address to WRITE Delay 
Time 


30 




35 




40 




ns 


14 


tcPWD 


CAS Precharge to WRITE Delay 
Time 


40 




40 




45 




ns 


14 


tcSR 


CSS Set-Up Time 
(CSS" before ESS Cycle) 


5 




5 




5 




ns 




tcHR 


CS5 Hold Time 
(CSS before KS5" Cycle) 


15 




15 




15 




ns 




t RPC 


RSS to CSS Precharge Time 





- 





- 





- 


ns 




tcPT 


CAS Precharge Time 

(CSS before RSS Counter Test 

Cycle 


30 




40 




40 




ns 




twTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




10 




ns 




tv/TH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




twRP 


WRI TE to RAS Precharge lime 
(CSS before RS5 Cycle) 


10 




10 




10 




ns 




%RH 


Write to~RSS Hold Time 
(CSS before R"S5"Cycle 


10 




10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (V cc = 5V ± 10%,Ta = 
0~70°C(Notes 7,8,9) 



SYMBOL 


PARAMETER 


TC5 1 4 1 OOAS JL/AFTL 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


115 


- 


135 


- 


155 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


50 


- 


50 


- 


55 


- 


ns 




l RAC 


Access Time from RAS 




65 




75 




85 


ns 


10,15, 
1 a 


*CAC 


'■ 

Access Time from CAS 




25 




25 




25 


ns 


1U,1 J 


l AA 


Access Time from Column Address 




35 




40 




45 


ns 


10,16 


tcPA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


10 


l RAS 


RAT? Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




tRASP 


KM Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




^RSH 


KM Hold Time 


25 




25 




25 




ns 




k:SH 


CM Hold Time 


65 




75 




85 




ns 




l RHCP 


CM Precharge to KM Hold Time 


45 




45 




50 




ns 




*CAS 


CM Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Ch 


Input Capacitance (A0~ A 10, D w ) 




5 


pF 


Cn 


Input Capacitance (RAS, CAS, WkiTe, ) 




7 


pF 


Co 


Input Capacitance (D OUT ) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci> !cc3' Ice* kx* depend on cycle rate. 

4- Icci> ^CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RASsVjl. In case of I^, it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. Iras (max.)=lus is only applied to refresh of battery-back up. t^s (max.)=10us is applied to functional 
operating. 

7. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CSS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tr=5ns. 

9. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either t RCH or t^^ must be satisfied for a read cycle. 

1 3. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14. twcs> 1 rwd> tcwD- *awd *cpwd ^ not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
t cwD >t cwD (min.), t AWD >t AWD (min.) and tcpwp^pwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
bytcAC- 

16. Operation within the t^u (max.) limit insures that t^c (max.) can be met. t^p (max.) is specified as 
a reference point only: If tj^^p is greater than the specified tj^p (max.) limit, then access time is 
controlled by t^. 
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TIMING WAVEFORMS 
READ CYCLE 



A0~A10 



WRITE 




DquT 



HI : "H" or "L" 



WRITE CYCLE (EARLY WRITE) 




D UT 



V H- 
VOL- 



OPEN 



iiH : "H" or "L" 
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READ-MODIFY- WRITE CYCLE 



JE55 



Ca5 



A0~A10 



WRITE 



tRMW 




D UT 



FAST PAGE MODE READ CYCLE 




A0~A10 



V IH ^ 

WRITE ^ 



Dqut 



VOH 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




DquT 



V H- 
Voi" 



"H" or "L* 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



RS5 



Vii 



Ca5 



<RCD 



kP t C P 

tCAS l CAS 'CAS 




TC514100ASJL/AFTL60/70/80 



K£5 ONLY REFRESH CYCLE 




Note: WRITE, A10="H" or "L" 



€55 BEFORE KX5 REFRESH CYCLE 




Note: A0~A1O= "H" or "L" 




: "H* or "L" 
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HIDDEN REFRESH CYCLE (READ) 




WRITE 



HIDDEN REFRESH CYCLE (WRITE) 




OquT 



V H — _ 

Vol — 



OPEN 



"H" or "L" 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



A0~A10 



WRITE 




D UT 



VOH 



VOL" 



"H" or "L" 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 



Sa5 



v IH 

VlL 



tRASP 



_ . . ^ , „ t RHC P ' 

j£AS t C AS _~~ ,t C AS- 



A0~A10 



WRITE 



DquT 



tpr 



Irp 



Irsh 




: "H" or "L" 
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TEST MODE 

The TC5 14100ASJL/AFTL is the RAM organized 4,194,304 words by 1 bits, it is internally organized 
524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
A 10R , A 10C and Aqq are not used. If, upon reading, all bits equal (all "l"s or "0"s), the data output pin indicates 
a"l". If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows the block diagram of 
TC514100ASJL/AFTL. In "Test Mode", the DRAM can be tested as if it were a 512K DRAM. 

"WRITE, CSS" Before KS5 Refresh Cycle puts the device into "Test Mode". And "CSS Before KSS 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/8 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



AiOR. AioC. AOC 




Figure 1 
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16,777,216 WORD X 1 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5116100J/Z/FT is the new generation dynamic RAM organized 16,777,216 word by 1 bit. The 
TC5116100J/Z/FT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 1 16100J/Z/FT to be packaged in a standard 28/24 pin plastic SOJ, 24 pin plastic ZIP and 28/24 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



16,777,216 word by 1 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% with a built- 
in V BB generator 
Low Power 

495mW MAX .Operating 

(TC5 1 16100J/Z/FT/TR-60) 

440mW MAX. Operating 

(TC5 1 16100J/Z/FT/TR-70) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selection 
Common I/O capability using "EARLY 
WRITE" operation 

Read-Modify- Write, CSS" before KA"S" refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
4096 refresh cycles/64ms 
Package TC5116100J : SOJ28-P-400A 
TC5 1 16100Z : ZIP24-P-475 
TC5 1 16100FT : TSOP28-P-400B 



KEY PARAMETERS 



ITEM 


TC5116100J/Z/FT 


*RAC KA"5 Access Time 


60ns 


70ns 


*AA Column Address 
Access Time 


30ns 


35ns 


*CAC CAS Access Time 


15ns 


20ns 


tRC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 
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PIN NAME 



A0~A11 


Address Inputs 


K£5 


Row Address Strobe 


Din 


Data In 


D OUT 


Data Out 




Column Address Strobe 


WRITE 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


N.C 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic ZIP 



Plastic TSOP 




A9 


: 1J 


ro 


:i] 


Dout 




Vcc 




NC 




K55 




A10 




A1 


3S 


A3 


YVj 


v ss 


30 


A5 


»] 


A7 


23j 
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BLOCK DIAGRAM 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


v m 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V C c 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 





♦This parameter is periodically sampled and is not 100% tested. 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




Vcc+0.5 


V 


2 


Vil 


Input Low Voltage 


-0.5* 




0.8 


V 


2 



*-2.0V at pulse width £ 20ns. 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


! CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RA"S, CSS", Address Cycling: t RC =tRc MIN) 


TC5116100J/Z/FT-60 




90 


mA 
mA 


3 4 
5 


TC5116100J/Z/FT-70 




80 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(ESS=CAS=V IH ) 




2 




I 

CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V ffl : t RC =t RC MIN.) 


TC5116100J/Z/FT-60 




90 


mA 


3,5 


TC5116100J/Z/FT-70 




80 


! CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS =V IL ,"CA5, Address Cycling: tpc=tpc MIN.) 


TC5116100J/Z/FT-60 




70 


mA 


3 4 

5 


TC5116100J/Z/FT-70 




60 


"0:5 


STANDBY CURRENT 
Power Supply Standby Current 
(K£S=CAS=V CC -0.2V) 




1 


mA 




! CC6 


CSS BEFORE"RS5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t RC =t RC MIN.) 


TC5116100J/Z/FT-60 




90 


mA 


3,5 


TC5116100J/Z/FT-70 




80 


*I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V^Vcc All Other Pins Not Under Test=OV) 


-10 


10 


uA 




W) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OV<V ut^V C c). 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iour=-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iour=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5116100J/Z/FT 


UNIT 


NOTES 


-60 


-70 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


ns 




*RMW 


Read-Modify-Write Cycle 


130 


- 


155 




ns 




l PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


60 


- 


70 


- 






*RAC 


Access Time from RAS 


- 


60 


- 


70 


ns 


9,14, 
15 


tcAC 


Access Time from CAS 




15 




20 


ns 


9,14 


Ua 


Access Time from Column Address 


- 


30 


- 


35 


ns 


9,15 


tcPA 


Access Time from CAS Precharge 


- 


35 


- 


40 




9 




CAS to Output in Low-Z 





- 





- 


ns 


9 


k>FF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


l RP 


RM Presharge Time 


40 


- 


50 


- 


ns 




l RAS 


EES' Pulse Width 


60 


10,000 


70 


10,000 


ns 




^RASP 


KA"S" Pulse Width (Fast Page Mode) 


60 


400,000 


70 


400,000 


ns 




tRSH 


KA"5" Hold Time 


15 


- 


20 


- 


ns 




*RHCP 


KA"5 Hold Time FromT!A"5 
Precharge (Fast Page Mode) 


35 


- 


40 


- 


ns 




tcSH 


CAS Hold lime 


60 




70 




ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


ns 




*RCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


15 


tcRP 


CAS to RAS Precharge Time 


5 




5 




ns 




k:p 


CAS Precharge Time 


10 


- 


10 


- 


ns 




^ASR 


Row Address Set-Up Time 












ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




k:AH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




ns 




l RCS 


Read Command Set-Up Time 












ns 




*RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to 
R~A~S 












ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5116100J/Z/FT 


UNIT 


NOTES 


-60 


-70 


MIN 


MAX. 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


- 


15 


- 


ns 




l RWL 


Write Command to RAS Lead Time 


15 


- 


20 


- 


ns 




tcWL 


Write Command to CAS Lead Time 


15 


- 


20 


- 


ns 




l DS 


Data Set-Up Time 












ns 


12 


*DH 


Data Hold Time 


10 




15 




ns 


12 


^REF 


Refresh Period 




04 






ms 




l WCS 


Write Command Set-Up Time 


n 
V 




u 




ns 


13 


* 

k:wd 


ri« *n WW l l'h' TVlav Tiirw 


15 


- 


20 


- 


ns 


LJ 


l RWD 


P A<5 tr> WBTTF IVIavTimp 
lvr\0 IU YV L\l 1 i_/ l^ciajr 1 1111C 


60 




70 




ns 


LJ 


l AWD 


Column Address to WRITE Delay Time 


30 


_ 


35 


_ 


ns 


13 


tcPWD 


CSS Precharge to WRITE Delay Time 


35 


- 


40 


- 


ns 


13 


^CSR 


CSS Set-up Time 
(CSS before RSS Cycle) 


5 




5 




ns 




^CHR 


CSS Hold Time 
(CSS before RSS Cycle) 


10 




15 




ns 




l RPC 


RSS to CSS Precharge Time 


5 




5 




ns 




tcPT 


CSS Precharge Time 

(CSS before RSS Counter Test Cycle 


20 




30 




ns 




l WTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




ns 




t WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




ns 




twRP 


WRITE to RAS Precharge Time 
(CSS before RSS Cycle) 


10 




10 




ns 




l WRH 


Write toTSSS Hold Time" 
(CSS before RSS"Cycle 


10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5116100J/Z/FT 


UNIT 


NOTES 


-60 


-70 


MIN 


MAX. 


MIN 


MAX 




Random Read or Write Cycle Time 


115 


- 


135 


- 


ns 






Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




l RAC 


Access Time from RAS 


- 


65 


- 


75 


ns 


9, 14, 
15 




Access Time from CAS 




20 




25 


ns 


9, 14 


tA A 

l AA 


Access Time from Column Address 




35 




40 


ns 


9, 15 




Access Time from CAS Precharge 




40 




45 


ns 


9 


*RAS 


KM Pulse Width 


65 


10,000 


75 


10,000 


ns 




*RASP 


KM Pulse Width (Fast Page Mode) 


65 


400,000 


75 


400,000 


ns 




*RSH 


KM Hold Time 


20 




25 




ns 




tcSH 


CM Hold Time 


65 




75 




ns 




l RHCP 


CM Precharge to KM Hold 


40 




45 




ns 




tcAS 


CM Pulse Width 


20 


10,000 


25 


10,000 


ns 




*RAL 


Column Address to RAS Lead 


35 




40 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0~ A 10, D^) 




5 


pF 




Input Capacitance (RAS, CAS, WRITE) 




7 


pF 


Co 


Output Capacitance (D OUT ) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3 - Icci> k:c3> l cc4> hce depend on cycle rate. 

4- lcci> Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vil. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vj H and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achievsd the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or t^jj must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13- t wcs , tRWD> krwD' 1 awd tcpwD 316 not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and tcpwp^pwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^p (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If t^D is greater than the specified t^j^ (max.) limit, then access time is 
controlled by t^. 
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TIMING WAVEFORMS 
READ CYCLE 



A0~A11 



WRITE 



Dqut 




Vol — 



"H* or "L* 



WRITE CYCLE (EARLY WRITE) 



A0~A11 



WRITE 




Dqut 



Voh— _ 
Vol— 



OPEN 



: "H" or V 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-47 



TC5116100J/Z/FT-60/70 




A-48 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116100J/Z/FT-60/70 




TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



A.AQ 



TC5116100J/Z/FT-60/70 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



KB 



. . kp. ,tcp, 

tcAS ■^"^ kAS P kAS 



AO-All 



WRITE 



Dqut 




"H* or "L" 



a. en 
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€55 BEFORE K£5 REFRESH CYCLE 




Nott: A0~A11« "H" or "L" 

: "H" or "L* 
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HIDDEN REFRESH CYCLE (READ) 



us 
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Trtcum a AuroirA ci cr-Tor\Kiir* rmiDnuEMTC inn 
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WRITE, CA"5 BEFORE RSS REFRESH CYCLE 




WRITE 



Dqut 



Voh— 



Note : Din, A0~A1 1 * "H" or "L* 



"H* or "I* 



READ CYCLE IN THE TEST MODE 



KB 



AO— All 



WRITE 



Dqut 




: "H" or "L" 



TC5116100J/Z/FT-60/70 



WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 




FAST PAGE MODE READ CYCLE IN THE TEST MODE 




: "H" or "L" 
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TEST MODE 

The TC5116100J/Z/FT is the RAM organized 16,777,216 words by 1 bits, it is internally organized 
1,048,576 words by 16 bits. In 'Test Mode", data are written into 16 sectors in parallel and retrieved the same 
way. A nc A 10C , A 1C and Aqq are not used. If any of the bits differed, the data output pin would indicate a "0". 
Fig. 1 shows the block diagram of TC51 16100J/Z/FT. In 'Test Mode", the 16M DRAM can be tested as if it 
were a 1M DRAM. 

"WRITE, CA"S" Before RA"5" Refresh Cycle puts the device into 'Test Mode". And "C£5 Before R~S5 
Refresh Cycle" or RA"S" Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/16 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



A0C.A1C 



A10C,A11Crt 

Normal^ O 
Test 




Figure 1 
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1,048,576 WORD X 4 BIT DYNAMIC RAM 



DESCRIPTION 

THE TC5 14400ASJ/AZ/AFT is the new generation dynamic RAM organized 1,048,576 word by 4 bit. 
The TC514400ASJ/AZ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC5 14400ASJ/AZ/AFT to be packaged in a standard, 26/20 pin plastic SOJ (300), 20 
pin plastic ZIP, 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 



FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in V BB generator 

• Low Power 

660mW MAX .Operating 
(TC5 14400ASJ/AZ/AFT-60) 
550mW MAX. Operating 
(TC5 14400AS J/AZ/AFT-70) 
468mW MAX. Operating 
(TC5 14400ASJ/AZ/AFT-80) 
5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

• Read -Modify-Write, CA~5 before KA"5" refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/1 6ms 

• Package TC514400ASJ : SOJ26-P-300A 

TC514400AZ : ZIP20-P-400A 
TC514400AFT : TSOP26-P-300 



KEY PARAMETERS 



ITEM 


TC5 14400ASJ/AZ/AFT 


-60 


-70 


-80 


*RAC RAS Access Time 


60ns 


70ns 


80ns 


^AA Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 
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PIN NAME 



A0-A9 


Address Inputs 




Row Address Strobe 


€A~5 


Column Address Strobe 


WRITE 


ReadVWrite Input 


DE 


Output Enable 


I/01-I/04 


Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 



PIN CONNECTION (TOP VIEW) 



1/O1C 
l/02 [ 
WRITEC 

RaTC 
A9C 



Plastic SOJ 



Plastic ZIP 




i] 
lij 

7"] 

15LJ 
jj] 

V£ 
33] 
j}j 





TO 


, '4 


1/04 


£: 


1/01 




WRITE 


[10" 


A9 


; £ 


Al 


•14 
1 7-"- 


A3 


. '16 
• X- - 


A4 


: lis 


A6 


L20. 


A8 



Plastic TSOP (Normal Bend Type) 

1/01 C 
1/02 C 
wKiTE[ 
Ra5C 
A9[ 

AOC 
A1C 
A2C 
A3[ 

v C cC 
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BLOCK DIAGRAM 



v C c v ss 



WRITE O- 



CASO- 



! 



A0O»- 
A1 O*- 
A2 0-»- 
A3 O-*- 
A4 0*- 
A5 0-» 
A6<>»- 

A8 0^ 
A9 0»~ 



75 



ra5o 



NO.2 CLOCK 
GENERATOR 



JL 



COLUMN 
ADDRESS 
BUFFERS (10) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



1/01 
O 



1/02 
O 



1/03 

O. 



DATA IN 
BUFFERS 



ROW 
ADDRESS 
BUFFERS (10) 



N0.1 CLOCK 
GENERATOR 



I/04 
O 

2t 



DATA OUT 
BUFFERS 



-*OOT 



*0 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



1024 
x4 



1024 



MEMORY 
ARRAY 
1024 x 1024x4 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


V,N 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V C c 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


TSTG 


— 55-150 


°c 




Soldering Temperature • Time 


^SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


Iqut 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MUST. 


TYP 


MAX 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN.) 


TC5 14400ASJ/AZ/AFT-60 




120 


mA 


3,4 
5 


TC5 14400AS J/AZ/AFT-70 


- 


100 


TC5 14400AS J/AZ/AFT-80 




85 


CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KM=CA5=V IH ) 




2 


mA 




CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(R"A"S Cycling, CA5=V IH : t RC =t RC MIN.) 


TC5 14400ASJ/A27AFT-60 




120 


mA 


3,5 


TC5 14400 AS J/AZ/AFT-70 


- 


100 


TC5 14400ASJ/AZ/AFT-80 




85 


CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS" =V IL ,TAS, Address Cycling: tpc=tpc MIN.) 


TC5 14400ASJ/AZ/AFT-60 




70 


mA 


3,4 
5 


TC5 14400ASJ/AZ/AFT-70 




70 


TC5 14400AS J/AZ/AFT-80 




60 


CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CA1?=V CC -0.2V) 




1 


mA 




CC6 


CAS BEFORE"KAS REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t RC =t RC MIN.) 


TC5 14400AS J/AZ/AFT-60 




120 


mA 




TC5 14400ASJ/AZ/AFT-70 




100 


TC5 14400ASJ/AZ/AFT-80 




85 


Vl) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^VrK^.SV, All Other Pins Not Under Test=OV) 


-10 


10 


uA 


3,5 


O(L) 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, (OV<V ut^5-5V), 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (IouT^mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IouT=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



O I 1V1.Dv_aL< 


PAW AIMFTFR 


TC5 14400ASJ/AZ/AFT 


TTTJTT 
UIN1 1 




-60 


-70 


-80 


XyfTTVT 

MLN 


MAX. 


AvfTXT 

MUN 


MAX 


MIN 


MAX 


l RC 


IxalKlUIU K.CaU UI WI11C \^y^lC 111I1C 


110 




130 




15U 




ns 




l RMW 


jvcau-iviuuiiy- wntc v^ycic 


165 




1 Q< 




one 
21)3 




ns 




l PC 


Fast Page Mode Cycle Time 


A C 




A < 

43 




3U 




ns 




l PRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


1 flA 

1UU 




i nA 
11HJ 




1U3 




ns 




l RAC 


Access Time from RAS 




60 




70 




80 


ns 


9,14, 
15 


*CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


20 


ns 


9,14 


l AA 


Access Time from Column Address 




30 




35 




40 


ns 


9,15 


tCFA 


Access Time from CAS Precharge 




40 




40 




45 




9 


*CLZ 


CSS to Output in Low-Z 

















ns 


9 


toFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


tpp 


RAS Presharge Time 


40 




50 




60 




ns 




Iras 


WKS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




*rasp 


KSS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




IrSH 


KM Hold Time 


20 




20 




20 




ns 




l RHCP 


KA~5 Hold Time FromTSS 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




tcSH 


CSS" Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCAS 


CSS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




*RCD 


R"SS to CSS" Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


15 


tCRP 


CSS to ESS Precharge Time 


5 




5 




5 




ns 




tcp 


CSS Precharge Time 


10 




10 




10 




ns 




*ASR 


Row Address Set-Up Time 

















ns 




*RAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ASC 


Column Address Set-Up Time 


















ns 




k:AH 


Column Address Hold Time 


15 




15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


twCH 


Write Command Hold Time 


10 




15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 1 4400AS J/AZ/AFT 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




k:wL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




tj)<5 


Data Set-Up Time 


U 














ns 


12 


*DH 


Data Hold Time 


15 


- 


15 


- 


15 


- 


ns 


12 


l REF 


Refresh Period 




16 




16 




16 


ms 




twcs 


Write Command Set-Up Time 

















ns 


13 


tcWD 


CAS to WRITE Delay Time 


50 


- 


50 


- 


50 


- 


ns 


13 


*RWD 


RAS to WRITE Delay Time 


90 




100 


- 


110 


- 


ns 


13 


*AWD 


Column Address to WRITE Delay 
Time 


60 




65 




70 




ns 


13 


tcPWD 


CAS Precharge to WRITE Delay 
Time 


70 




70 


- 


75 




ns 


13 


KHSR 


CA"S" Set-up Time 
JCKS before ESS" Cycle) 


5 




5 




5 




ns 




tcHR 


CAU Hold Time 
[\*t\o ueiore k/\o cycie ) 


15 




15 




15 




ns 




tRPC 


R~AU to CATS Precharge Time 





- 





- 





- 


ns 




tcPT 


UKS Precharge Time 

(las Deiore kas counter lest 

Cycle) 


30 


- 


40 


- 


40 


- 


ns 




tROH 


FHS" Hold Time referenced to 0"E 


10 


- 


10 


- 


10 


- 


ns 




k)EA 


OE Access Time 




20 




20 




20 


ns 




k>ED 


DE to Data Delay 


20 




20 




20 




ns 




k)EZ 


Output buffer turn off Delay Time 
fromOE 





20 





20 





20 


ns 


10 


*OEH 


DE Command Hold Time 


20 




20 




20 




ns 




k)DS 


Output Disable Set-Up Time 

















ns 




twTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




%RP 


WRITE to RAS Precharge lime 
(CAS" before KA5 Cycle) 


10 




10 




10 




ns 




l WRH 


Write to~R~A"5" Hold Time 
TCK5 before KAlTCycle) 


10 




10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5 1 4400 AS J/ AZ/ AFT 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


115 


- 


135 


- 


155 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


50 


- 


50 


- 


55 


- 


ns 




l RAC 


Access Time from RAS 




65 


- 


75 


- 


85 


ns 


9, 14, 
15 


*CAC 


Access Time from CAS 




25 




25 




25 




9 14 


l AA 


Access Time from Column Address 




35 




40 




45 




9 15 


^CPA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


9 


*RAS 


KS5 Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




*RASP 


KA"S" Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




l RSH 


Hold Time 


25 




25 




25 




ns 




k:SH 


CATS Hold Time 


65 




75 




85 




ns 




tRHCP 


CAU Precharge to RAS" Hold 


45 




45 




50 




ns 




tCAS 


CSS Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 




Input Capacitance (A0~A9) 




5 


pF 




Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input Capacitance (I/01-I/04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- kci'kxa*kcA'kc6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS^jl. In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t OFF (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or t^u must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRTTE leading edge 
in Read-Modify- Write cycles. 

13. t W cs> t RW D' tcwD- *awd tcpwD ^ not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD-tcwD (min.), t AWD >t AWD (min.) and tcpwp^tcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^o (max.) limit insures that t^c (max.) can be met. t^p (max.) is specified as 
a reference point only: If t^o is greater than the specified tgjj} (max.) limit, then access time is 
controlled by t^. 
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{^1 : "H" or "L" 
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WRITE CYCLE (DE CONTROLLED WRITE) 




1/01 - - ^ 

-1/04 v 1L - 



Note: Dqut = OPEN 



READ-MODIFY- WRITE CYCLE 



A0~A9 




WRITE 



1/01 

-1/04 VI/OL 



: "H" or "L" 
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FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




WRiTf 



* 1 D 0U T 1 



*2 D 0UT 2 



*3 DoutN 



: "H" or "L" 
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€55 BEFORE K55 REFRESH COUNTER TEST CYCLE 
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WRITE, CSS BEFORE RSS REFRESH CYCLE 



WHITE 



1/01 
~l/04 




Note: 0| N , <5E. A0~A9 = "H" or "L" 



•■ "H" or "L" 



READ CYCLE IN TEE TEST MODE 




1/01 V ° M 
-1/04 v ou 



Note: Ut = "L" D| N = OPEN 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



Vit 



us 



VlH 



■/ 



V 1L -S t RAH 




A0~A9 



WRITE 




Note: Oq.jt = OPEN 



1^1 : "H" or "L" 
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TEST MODE 

The TC5 14400/ASJ/AZ/AFT is the RAM organized 1,048,576 words by 4 bits, it is internally organized 
524,288 words by 8 bits. In 'Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
AOc is not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC514400/ASJ/ 
AZ/AFT. In "Test Mode", the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

"WRITE, CA15 Before RAS" Refresh Cycle puts the device into 'Test Mode". And "CAU Before KAT> 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/2 in case of N test pattern). 



BLOCK DIAGRAM IN THE TEST MODE 



1/01 



Normal 
O- 



o- 

Test 



Normal 
O— 



O- 
Test 



Normal 



Test 



Normal 
O- 



O 
Test 



51 2K block 



512K block 



A oc 



512K block 



S12K block 



S12K block 



A oc 



51 2K block 



A oc 



512K block 



Aoc 



512K block 



A c 



Vcc 



Normal iH 



Test 



1/01 



Aoc 
Aoc 

>1 



Normal ~^ 

J 

Normal ir- 1 
Test 



O ^_|^ 

q T Kl -I • I— i 



1/02 



A 0C 
Aoc 



Normal 

Vcc 



^1 J 
£ Normal ir J 

t^pto — o^—i L 



Test 



3C> 



Test 
[Normal 'h 

A oc 

Aoc V CC 

^ J 

Normal ir 1 



1/03 



No rmal | r~ 
Test 



Test 

» ] Normal IL n 
'a c 



1/04 



Figure 1 
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1,048,576 WORD X 4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 14400ASJL/AFTL/ATRL is the new generation dynamic RAM organized 1,048,576 word by 4 
bit. The TC5 1 4400AS JL/AFTL/ATRL utilizes Toshiba's CMOS silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC5 14400 AS JL/AFTL/ATRL to be packaged in a standard 26/20 pin 
plastic SOJ (300), 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V+ 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 



FEATURES 



KEY PARAMETERS 



1,048,576 word by 4 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% with a built- 
in V BB generator 
Low Power 
660mW MAX .Operating 
(TC5 14400ASJL/AFTL/ATRL-60) 
550mW MAX. Operating 
( TC5 1 4400 AS JL/AFTL/ATRL-70) 
468mW MAX. Operating 
(TC5 1 4400AS JL/AFTL/ATRL-80) 
l.lmWMAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify- Write, €A"S" before KA"5" refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/1 28ms 
Package TC514400ASJL : SOJ26-P-300A 
TC514400AFTL : TSOP26-P-300 
TC514400ATRL : TSOP26-P-300A 



ITEM 


TC5 14400AS J/AZ/AFT 


-60 


-70 


-80 


*RAC Access Time 


60ns 


70ns 


80ns 


*AA Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 
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PIN NAME 



A0-A9 


Address Inputs 


RA"5 


Row Address Strobe 


UKS 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/O 1-1/04 


Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic TSOP (Normal Bend Type) 



V SS 
3 1/04 
]|/03 

3ca5 




1/01 C 

1/02 C 
WRITE [ 
RAS[ 



23 

A9 5 22 



AOC 
A1C 
A2 
A3[ 
V CC C 



°1 
2 
3 
4 



3 v ss 

] 1/04 



24 ]l/03 



9 18 

10 17 

11 16 

12 15 

13 14 



]£AT 
DOT 

] A8 
]A7 
3 A6 
3A5 
3 A4 



Plastic TSOP (Reverse Bend Type) 

Vss I 



26 

I/O4 25 
I/03Q 24 
23 
22 



CA$[ 
0T[ 

A8C 
A7C 
A6C 
A5 C 
A4[ 



31/01 
31/02 

3 IWIiTT 

4 3RA5 
3A9 



18 9 

17 10 

16 11 

15 12 

14 13 



3 AO 
3A1 
3A2 
3 A3 

3 v cc 
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BLOCK DIAGRAM 



WRITE O 



CASO- 



A0O->- 
A1 0>- 
A2 0+- 
A3 0-» 
A4 O-*- 
A5CH- 
A6 0-»- 
A7&+- 
A8 0-*~ 
A9 O^- 



30 



2 



RASO- 



VSS 

I 



N0.2 CLOCK 
GENERATOR 



± 



COLUMN 
ADDRESS 
BUFFERS(10) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER(10) 



ROW 
ADDRESS 
BUFFERS (10) 



NO.1 CLOCK 
GENERATOR 



1/01 

o 

t 



I/O 2 
O 



DATA IN 
BUFFERS 



I/03 
O 



I/04 
O 



{ t t 



DATA OUT 
BUFFERS 



7> 

4 



-*OOE 



TTJ 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



v- 



ROW 
DE CODE R 






i 

1024 







}■ 1024 
x4 



MEMORY 
ARRAY 
1024 x 1024x4 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


V, N 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-150 


°C 




Soldering Temperature • Time 


TsOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V + 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(ESS, CSS, Address Cycling: t RC =t RC MIN.) 


TC5 1 4400 AS JL/AFTL/ATRL-60 




120 


mA 


3,4 
5 


TC5 1 4400 AS JL/AFTL/ATRL-70 


- 


100 


TC5 1 4400 AS JL/AFTL/ATRL-80 




85 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KX5=CA5=V IH ) 




2 


mA 




*cc3 


ESS ONLY REFRESH CURRENT Average 
Power Supply Current, pjr^ Only Mode 
(ESS Cycling, CA"5=V IH : t RC =t RC MIN.) 


TC5 14400ASJL/AFTL/ATRL-60 


- 


120 


mA 


3,5 


TC5 14400AS JL/AFTL/ATRL-70 




100 


TC5 14400ASJL/AFTL/ATRL-80 




85 


CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(ESS =Vil,C55, Address Cycling:tpc=tpc MIN.) 


TC5 1 4400AS JL/AFTL/ATRL-60 


- 


70 




3,4 
5 


TC5 14400ASJL/AFTL/ATRL-70 




7fi 

l\j 


TC5 14400ASJL/AFTL/ATRL-80 


- 


60 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(ESS=CS5=V CC -0.2V) 


- 


200 


mA 




l CC6 


CSS BEFORETfAS REFRESH CURRENT 


TC5 14400AS JUAFTL/ATRL-60 




120 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (ESS, CSS, Cycling: t RC =t R c MIN.) 


TC5 14400ASJL/AFTL/ATRL-70 




100 


TC5 14400AS JUAFTL/ATRL-80 




85 




Battery Back Up Current 

Average Power Suuply Current, Battery Back Up Mode 
(CA~5=CA~5 Before KAU Cycling or 0.2V, DE=V CC -0.02V, WRTTE= 
V CC -0.2V,A0~9=V CC -0.2V or 0.2V, I/Ol~4=Vcc-0.2V, 
0.2V or OPEN:t RC =125us, ^=^5 MIN. ~lus) 




300 


uA 


3.6 




INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^Vjn^.SV, All Other Pins Not Under Test=0V) 


-10 


10 


UA 






OUTPUT LEAKAGE CURRENT 
(D 0UT is disabled,0 <V OUT <5.5V) 


-10 


10 


UA 




V H 


OUTPUT LEAKAGE CURRENT 
Output "H" Level Voltage (I 0UT =-5mA) 


2.4 




V 




Vol 


OUTPUT LEAKAGE CURRENT 
Output "L" Level Voltage (IOUT=4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



SYMBOL 


PARAMETER 


TC5 1 4400 AS JL/AFTL/ATRL 


UNIT 


NOTES 


-60 


-70 


-80 


mtnt 

1V11XN 


MAY 
JYl/VA. 




MAY 


Y/fTW 


MAY 


HRC 


Random Read or Write Cycle Time 


i in 








IJU 




ns 




*RMW 


Read-Modify- Write Cycle 


1UJ 












ns 




tpc 


Fast Page Mode Cycle Time 














ns 




l PRMW 


Fast Page Mode Read-Modify-Write 
Cycle Time 


inn 




inn 




L\JJ 




ns 




l RAC 


Access Time from RAS 




60 




70 




80 


ns 


10,15, 
16 


*CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


20 


ns 


10,15 


l AA 


Access Time from Column Address 




30 




35 




40 


ns 


10,16 


tcPA 


Access Time from CAS Precharge 




40 




40 




45 




10 


tcLZ 


CSS to Output in Low-Z 

















ns 


10 


k)FF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


9 


l RP 


EAT? Presharge Time 


40 




50 




60 




ns 




l RAS 


KSS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




l RASP 


KSS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




Irsh 


R"A~5 Hold Time 


20 




20 




20 




ns 




l RHCP 


KSS Hold Time FromTAS 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




tcSH 


CSS Hold Time 


60 


- 


70 


- 


80 


- 


ns 




*CAS 


CSS" Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




l RCD 


R"SS to CSS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


15 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


16 


*CRP 


CSS to RSS Precharge Time 


5 




5 




5 




ns 




*cp 


CSS Precharge Time 


10 


_ 


10 


_ 


10 


_ 


ns 




*ASR 


Row Address Set-Up Time 


~ 














ns 




l RAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ASC 


Column Address Set-Up Time 


















ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




t RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




tRCH 


Read Command Hold Time 

















ns 


12 


*RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


12 


l WCH 


Write Command Hold Time 


10 




15 




15 




ns 





TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



A-ft3 



TC514400ASJL/AFTL/ATRI^60/70/80 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 1 4400 AS JL/AFTL/ATRL 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




l RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




*CWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




^DS 


Data Set-Up Time 

















ns 


13 


*DH 


Data Hold Time 


15 


- 


15 


- 


15 


- 


ns 


13 


l REF 


Refresh Period 




128 




128 




128 


ms 




%CS 


Write Command Set-Up Time 

















ns 


14 


k:WD 


CATS to WRITE Delay Time 


50 


- 


50 


- 


50 


- 


ns 


14 


l RWD 


R"SS to WRITE Delay Time 


90 


- 


100 


- 


110 


- 


ns 


14 


'•AWD 


Column Address to WRITE Delay 
Time 


60 




65 




70 




ns 


14 


klPWD 


CAS Precharge to WRITE Delay 
Time 


70 


- 


70 


- 


75 


- 


ns 


14 




CSS Set-Up Time 
(CSS before RS5 Cycle) 










5 




ns 




tCHR 


CSS Hold Time 

(L-As betore KAa cycle) 


i< 

u 




i < 

u 




i< 

i j 




ns 




l RPC 


KSS to CSS Precharge Time 





- 





- 





- 


ns 




tcPT 


CSS Precharge Time 

(CAa betore KAa counter lest 

Cycle 


30 


- 


40 


- 


40 


- 


ns . 




tROH 


KSS Hold Time referenced to DE 


10 


- 


10 


- 


10 


- 


ns 




k>EA 


OE Access Time 




20 




20 




20 


ns 


o 

y 


k)ED 


DE to Data Delay 


20 




20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time 
fromOE 





20 





20 





20 


ns 


11 


k>EH 


OE Command Hold Time 


20 




20 




20 




ns 






Output Disable Set-Up Time 

















ns 




twTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




10 




ns 




t WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




twRP 


WRITE to KSS Precharge Time 
(CSS before ESS Cycle) 


10 




10 




10 




ns 




*WRH 


Write to"KSS Hold Time 
(CSS before KS5~Cycle 


10 




10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



a I WIDKJLi 


PA D A A/TRTPP 


TC5 1 4400AS JL/AFTL/ATRL 


TTVTTT 


MATE C 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Random Read or Write Cycle Time 


115 




135 




155 




ns 




l PC 


Fast Page Mode Cycle Time 


50 




50 




55 




ns 




l RAC 


Access Time from RAS 




65 




75 




85 


ns 


1/1 IC 

1U, 13, 

16 


tcAC 


Access Time from CAS 




25 




25 




25 


ns 


10,15 




Access Time from Column Address 




35 




40 




45 


ns 


10,16 


k:PA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


10 


l RAS 


RS5" Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




l RASP 


RS5" Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




l RSH 


RAT? Hold Time 


25 




25 




25 




ns 




*CSH 


CSS" Hold Time 


65 




75 




85 




ns 




l RHCP 


CS5 Precharge to RS5 Hold 


45 




45 




50 




ns 




tcAS 


CSS" Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Qi 


Input Capacitance (A0~A9) 




5 


pF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input Capacitance (I/01-I/04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci' he* k:c4. km depend on cycle rate. 

4. Ic C1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6- *ras (max.)=lu.s is only applied to refresh of battery-back up. t RAS (max.)=10us is applied to functional 
operating. 

7. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t-i<=Sns. 

9. V m (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . topp (max.) and to^ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or tjum must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRTTE leading edge 
in Read-Modify- Write cycles. 

14. t wcs , 

*rwd> *cwd> *awd *cpwd 316 no * restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
t CWD >t C wD (min.), t AWD >t AWD (min.) and tcpwD >l CPWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that t^c can be met. t RCS (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAO 

16. Operation within the tj^D (max.) limit insures that (max.) can be met. (max.) is specified as 
a reference point only: If t^p is greater than the specified tj^D (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (DE CONTROLLED WRITE) 



tRC 




READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



*RAS° 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



v„ 5 - 



i tcSH ) 






- - 



n 




I/01- V|/OH 

vo * v, /0L — ' 



•1 Dout' 



*2 Dqut2 



*3 DqutN 
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RX3 ONLY REFRESH CYCLE 

tRC 



tRP 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514400ASJL/AFTL/ATRL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the 
same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin 
indicates a "1". 

If they were not equal the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC5 1 4400ASJL/ 
AFTL/ATRL. In 'Test Mode", the 1M54 DRAM can be tested as if it were a 5 12K54 DRAM. 

"WRITE, CM Before KA"5 Refresh Cycle" puts the device into "Test Mode". And "CSS Before KA"5 
Refresh Cycle" or KA"5 Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
'Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Normal 



1/01 



Test 



Normal 



1/02 



Test 



Normal 



1/03 



Test 



Normal 



1/04 



Aqc 



Aoc 



Aoc 



AQC 



Aoc 



Aoc 



AQC 



512K block 



512K block 



512K block 



512K block 



512K block 



512K block 



512K block 



512K block 



to 



Aoc 



Vcc 



5> 



Normal 
Test 

Test 



I/O I 



ir 

Y Normal 'h 



Aoc 
AQC 



V C C 



1 j. Nor mal | H 



Test 



Test 

T^-\t 

5 T Normal n 



1/02 



Aoc 
A oc 



V7. 

Vcc 



Normal ir- 1 



Test 



Aoc 
Aoc 

>1 



Normal 



Test 

Vcc 



1/03 



Normal 
Test 



Test 

°9^—\C 

> [Normal "n 

>A oc 



1/04 



Figure 1 
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1,048,576 WORD X 4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 1 V4400AS JL/AFTL is the new generation dynamic RAM organized 1,048,576 word by 4 bit. 
The TC51V4400AS JL/AFTL utilizes Toshiba's CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TC51V4400AS JL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 
26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
3.3V±0.3V tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 

• 1 ,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 3.3V+0.3V with a built- 
in V BB generator 

• Low Power 

216mW MAX .Operating 
0.54mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

• Read -Modify-Write, CA"S" before KA"5 refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC5 1 V4400AS JL : SOJ26-P-300A 

TC5 1 V4400AFTL : TSOP26-P-300 



KEY PARAMETERS 



ITEM 


TC5 1 V4400 AS JL/AFTL 


l RAC 


KAS Access Time 


80ns 


l AA 


Column Address 
Access Time 


40ns 


*CAC 


CAS Access Time 


20ns 


*RC 


Cycle Time 


150ns 


l PC 


Fast Page Mode 
Cycle Time 


50ns 



Toshiba amprip.a pi enanmr. rnuDnwcMTC iwr 
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i 



PIN NAME 



A0-A9 


Address Inputs 


KM 


Row Address Strobe 


UK5 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/04 


Data Input/Output 


Vcc 


Power (+3.3V) 


V ss 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic TSOP (Normal Bend Type) 




1/01 C 
1/02 [ 

Ea5[ 
A9[ 

A0[ 
A1C 
A2[ 
A3[ 
VccC 



26 
25 
24 
23 
22 



9 18 

10 17 

11 16 

12 15 

13 14 



Vss 
1/04 
1/03 
1ZAS 
]0T 

]A8 
]A7 
3A6 
]A5 
]A4 
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BLOCK DIAGRAM 



WRITE O 




EaTO 



v cc v ss 

? ! 



N0.2 CLOCK 
GENERATOR 



± 



COLUMN 
ADDRESS 
BUFFERS (10) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



1/01 
O 



1/02 
O 



1/03 
O 



1/04 
O 



* t t ♦ 



DATA IN 
BUFFERS 



ROW 
ADDRESS 
BUFFERS (10) 



N0.1 CLOCK 
GENERATOR 



2k 



DATA OUT 
BUFFERS 



-«OOT 



30 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



Ul 








§ O 


l * 


OS U 


1024 


Ul 

Q 










MEMORY 
ARRAY 
1024x1024x4 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 0.5~V cc +0.5 


V 




Output Voltage 


V OUT 


— 0.5~V cc +0.5 


V 




Power Supply Voltage 


Vcc 


— 0.5-4.6 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260-10 


°C-sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


Iqut 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


3.0 


3.3 


3.6 


V 


2 


Vih 


Input High Voltage 


2.2 




V CC 40.3 


V 


2 


Vil 


Input Low Voltage 


-0.3 




0.6 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 3.3V ± 0.3V, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RSS, CSS, Address Cycling: t RC =tRc MIN) 


TC51V4400ASJL/AFTL-80 


- 


60 


mA 


3,4 
5 


l CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KS5=CA3=Vi H ) 




1 


mA 




I 

CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(R55 Cycling, CA"5=V m : t RC =t RC MIN.) 


TC5 1 V4400ASJL/AFTL-80 




60 


mA 


3,5 


! CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KAU =V IL ,"CM, Address Cycling: tpc^tpc MIN.) 


TC51V4400ASJL/AFTL-80 




40 


mA 


3,4 
5 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V C c-0.2V) 




250 


HA 




I 

CC6 


CSS BEFORE"KSS REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (ESS, CAS", Cycling: t RC =t RC MIN.) 


TC51V4400ASJL/AFTL-80 




60 


mA 


3,5 


*CC7 


BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 
(CA"5=CA"5 Before RAT? Cycling or 0.2V, OE=V CC -0.2V, WRITE 
=V CC -0.2V, A0~9=V CC -0.2V or 0.2V, I/O~4=Vcc-0.2V, 0.2V or 
OPEN: t RC =125us, 1^=1^8 MIN. ~lus) 




300 


UA 


6 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVjSVhs^O.SV, All Other Pins Not Under Test=OV) 


-10 


10 


^A 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, (OV£V OUT £5.5V), 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (louT=-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (louT=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 3.3V ± 0.3V, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 1 V4400ASJL 
/AFTL 


UNIT 


NOTES 


-80 


MEST 


MAX 


*RC 


Random Read or Write Cycle Time 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


205 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


105 


- 


ns 




l RAC 


Access Time from RAS 




80 


ns 


10,15,16 


tCAC 


Access Time from CAS 




20 


ns 


10,15 


*AA 


Access Time from Column Address 


- 


40 


ns 


10,16 




Access Time from CAS Precharge 


- 


45 




10 


kxz 


CM to Output in Low-Z 





- 


ns 


10 


toFF 


Output Buffer Turn-off Delay 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


ns 




tRP 


KM Presharge Time 


60 


- 


ns 




*RAS 


KM Pulse Width 


80 


10,000 


ns 




*RASP 


RAS" Pulse Width (Fast Page Mode) 


80 


200,000 


ns 




*RSH 


KM Hold Time 


20 


- 


ns 




*RHCP 


KM Hold Time FromTM 
Precharge (Fast Page Mode) 


45 


- 


ns 




tcSH 


CM Hold Time 


80 


- 


ns 




tCAS 


CM Pulse Width 


20 


10,000 


ns 




l RCD 


KM to CM Delay Time 


20 


60 


ns 


15 


*RAD 


RAS to Column Address Delay Time 


15 


40 


ns 


16 


*CRP 


CM to KM Precharge Time 


5 




ns 






CAS Precharge Time 


10 




ns 




*ASR 


Row Address Set-Up Time 







ns 




l RAH 


Row Address Hold Time 


10 




ns 




l ASC 


Column Address Set-Up Time 








ns 




tcAH 


Column Address Hold Time 


15 




ns 




l RAL 


Column Address To RAS Lead Time 


40 




ns 




l RCS 


Read Command Set-Up Time 







ns 




l RCH 


Read Command Hold Time 







ns 


12 


l RRH 


Read Command Hold Time referenced to RAS 







ns 


12 


l WCH 


Write Command Hold Time 


15 




ns 





TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



A- 103 



TC51V4400ASJL/AFTL-80 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC514400ASJL/ 
AFTL 


UNIT 


NOTES 


-80 


MIN 


MAX 


^WP 


Write Command Pulse Width 


15 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 


- 


ns 




*CWL 


Write Command to CAS Lead Time 


20 




ns 




^DS 


Data Set-Up Time 





- 


ns 


13 


l DH 


Data Hold Time 


IJ 




ns 


13 


l REF 


Refresh Period 




ion 


ms 




l WCS 


Write Command Set-Up Time 







ns 


14 


*CWD 


CAS to WRITE Delay lime 


50 


- 


ns 


14 


l RWD 


RAS to WRITE Delay Time 


110 


- 


ns 


14 


UWD 


Column Address to WRITE Delay lime 


70 


- 


ns 


14 


k:PWD 


CAS Precharge to WRITE Delay Time 


75 




ns 


14 


*CSR 


CSS Set-up Time 
{CSS before RSS Cycle) 


5 


_ 


ns 




tCHR 


CSS Hold Time 
(CSS before RSS Cycle) 


15 


- 


ns 




l RPC 


RSS to CSS Precharge Time 





- 


ns 




tcPT 


CSS Precharge Time 

uciorc ivr\o i^uunicr icsi v-ycie 


40 




ns 




tROH 


RSS Hold Time referenced to DE 


10 




ns 




k)EA 


OE Access Time 




20 


ns 


10 




DE to Data Delay 


20 




ns 




k>EZ 


Output buffer turn off Delay Time 
from DE 





20 


ns 


11 


k>EH 


DE Command Hold Time 


20 




ns 




kjDS 


Output Disable Set-Up Time 







ns 




twTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




ns 




*WRP 


WRITE to RAS Precharge Time 
(CSS before RSS Cycle) 


10 




ns 




{ WRH 


Write to"RSS Hold Time" 
JCM before RS5"Cycle 


10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC514400ASJL/ 
AZ/AFT 


UNIT 


NOTES 


-80 


MIN 


MAX 


^RC 


Random Read or Write Cycle Time 


155 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


55 


- 


ns 




^RAC 


Access Time from RAS 


- 


85 


ns 


10,15,16 


^CAC 


Access Time from CAS 




25 


ns 


10,15 


^AA 


Access Time from Column Address 




45 


ns 


10,15 


krPA 


Access Time from CAS Precharge 




50 


ns 


10 


l RAS 


KS5 Pulse Width 


85 


10,000 


ns 




l RASP 


KSS" Pulse Width (Fast Page Mode) 


85 


200,000 


ns 




*RSH 


KA~5 Hold Time 


25 




ns 




tcSH 


CSS" Hold Time 


85 




ns 




tRHCP 


CSS" Precharge to R"SS Hold 


50 




ns 




tCAS 


CSS" Pulse Width 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 


45 




ns 





CAPACITANCE (V cc = 3.3V ±0.3V, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0-A9) 




5 


pF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (I/01-I/04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3. Ic C1 , Ic C3 , Ic C4 , Ic C6 depend on cycle rate. 

4- Icci> Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. t RAS (max.)=lus is only applied to refersh of battery-back up. t RAS (max)=10us is applied to functional 
operating. 

7. An initial pause of 2ms is required after power-up followed by 8 RAS only refresh cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tx=5ns. 

9. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and V^. 

10. Measured with a load equivalent to lOOpF and at V OH =2.0V(I oux =-2mA), V OL =0.8V (I oux =2mA). 

11. topp (max.) and togz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14. t wcs , t RWD , tcwD' 1 awd m d tcpwD ^ not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RW r»tRWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and tcpw^kywD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the (max.) limit insures that tj^c (max.) can be met. (max.) is specified as 
a reference point only: If is greater than the specified (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (DE CONTROLLED WRITE) 




Note: D 0U T = OPEN 



READ-MODIFY- WRITE CYCLE 



ISifflflL 



A0-A9 




1/01 



VI/OH 



~l/04 VI/OL 



: "H" or "L* 
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FAST PAGE MODE READ CYCLE 



V|H— - 
Viu 

vih— Jr~ 



*RCD 



JP£_ 



tRHCP 



Jfiiti- 



*CRP 



1/01 V 0H 

~l/04 

Vol 




Note: D| N = OPEN 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 





THCUIBA AMBBIPA CI ErTDrtMir mUDnMCMTC IMO 



A HOB 



TC51V4400ASJL/AFTL80 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



IKS 



VlL 



v,h — " 

Vii 



A0-A9 



Vih 



WRITE 



Vih 



5E 



V IH 

VlL — . 



1/01 Vuoh — 




*1 DoutI 



*2 ut2 



*3 DqutN 



A.nn 
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R5S ONLY REFRESH CYCLE 

_ tRC 
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CS5 BEFORE K55 REFRESH COUNTER TEST CYCLE 
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WRITE, CX5 BEFORE RX5 REFRESH CYCLE 




Note: D| N ,OE, A0~A9 = "H* or "L* 



"H" or "L" 



READ CYCLE IN THE TEST MODE 




A0-A9 



WRITE 



V01 V 0H 

-1/04 vol — 



Note: OT = "L" D| N ■ OPEN 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODEFAST PAGE MODE 



A0~A9 




WRITE 



1/01 v ih — 23 



-1/04 



"H" or "L" 



Note: Oout » OPEN 

READ CYCLE IN THE TEST MODE 



Vih — ~ 



CS5 



A0-A9 



WRITE 



1/01 V h 

~l/04 

Vol 



Jcrp 

— y t RAH 



JteSL. 



tRCD 



tRHCP 



tCRP 




Note: 01 = "L" D IN a OPEN 



"H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC5 1 V4400/AS JL/AFTL is the RAM organized 1,048,576 words by 4 bits, it is internally organized 
524,288 words by 8 bits. In 'Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
AOc is not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC51V4400/ 
ASJL/AFTL. In 'Test Mode", the 1MX4 DRAM can be tested as if it were a 5 12KX4 DRAM. 

"WRITE, CAS Before KA5 Refresh Cycle" puts the device into 'Test Mode". And "CAT? Before KAS 
Refresh Cycle" or KAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
'Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



Normal 
O 




o — ir 

o J Normal IL "| 



A oc 



Figure 1 
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1,048,576 WORD X 4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514410ASJ is the new generation dynamic RAM organized 1,048,576 word by 4 bit. The 
TC514410ASJ utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514410ASJ to be packaged in a standard, 26/20 pin plastic SOJ (300mil). The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 



FEATURES 

• 1 ,048,576 word by 4 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in V BB generator 

• Low Power 

660mW MAX .Operating 
(TC51440ASJ-60) 
550mW MAX. Operating 
(TC51440ASJ-70) 
468mW MAX. Operating 
(TC51440ASJ-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

• Read -Modify- Write, CSS before EAT? refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514410ASJ : SOJ26-P-300A 



KEY PARAMETERS 



ITEM 


TC514410ASJ 


-60 


-70 


-80 


*RAC R"A"C Access Time 


60ns 


70ns 


80ns 


*AA Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Tune 


20ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 
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PIN NAME 



A0-A9 


Address Inputs 


TS A C 

KAo 


Row Address Strobe 


CAS 


Column Address Strobe 


WB/WE 


Write Par Rit/Paa/t AX7rita 

Input 


DE 


Output Enable 


Wl/IOl- 
W4/I04 


Write Select/Data 
Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 





f3^= 




w 1/101 C 


1 


26 


W2I/02 L 


2 


25 


Wff/WP L 


3 


24 




4 


23 


A9 L 


5 


22 


AO C 


9 


18 


A * Z 


10 


17 


A2 [ 


11 


16 


A3 t 


12 


15 


Vcc C 


13 


14 




k 





9 
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BLOCK DIAGRAM 



Vcc 

? 



W8/WEO- 



AO 
A1 
A2 
A3 
A4 0*- 
AS 
A6 
A70*- 
AS 
A90#- 



t5 

!=0 



I 



NO.2 CLOCK 
GENERATOR 



COLUMN 
ADORESS 
BUFFERS (10) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



W2/I02 W4/I04 
W1/I01 W3/I03 
O O O O 

i i i 



DATA IN 
BUFFERS 



ROW 
ADORESS 
BUFFERS (10) 



Ka5< 



NO.1 CLOCK 
GENERATOR 



5k 



DATA OUT 
BUFFERS 



-«OOT 



J 4 



4 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



at 




Ui 




i § 


i 


Ui 


1024 


O 













- 1024 -k 








" 4 1 





cm 



MEMORY 
ARRAY 
1024x1024x4 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 1-7 


V 




Output Voltage 


VoUT 


— 1-7 


V 




Power Supply Voltage 


Vcc 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260*10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


'out 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 




Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA"5, CAS", Address Cycling: t RC =t RC MIN.) 


TC5144100ASJ-60 


- 


120 


mA 


3,4 
5 


TC5144100ASJ-70 


- 


100 


TC5144100ASJ-80 




85 


CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(R55=CSS=V ffl ) 




2 


mA 




CC3 


ESS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(KA5 Cycling,TX5=V IH : t RC =t RC MIN.) 


TC5144100ASJ-60 


_ 


120 


mA 


3,5 


TC5144100ASJ-70 




100 


TC5144100ASJ-80 


_ 


85 


CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R~£3 =V IL ,"CSS, Address Cycling: tpc=tpc MIN.) 


TC5144100ASJ-60 




70 


mA 


3,4 
5 


TC5144100ASJ-70 




70 


TC5144100ASJ-80 




60 


CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RXS=CA5=V CC -0.2V) 




1 


mA 




CC6 


CAS BEFORE"RA5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CATS, Cycling: t RC =t R c MIN.) 


TC5144100ASJ-60 




120 


mA 


3,5 


TC5144100ASJ-70 




100 


TC5144100ASJ-80 




85 


HL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V m <J6.5W, All Other Pins Not Under Test=OV) 


-10 


10 


UA 




0(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OV<V OU t^5-5V), 


-10 


10 


UA 




V 0H 


OUTPUT LEVEL 

Output "H" Level Voltage (l OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (lour=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


CHARACTERISTIC 


TC5144100ASJ 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


165 


- 


185 


- 


205 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 


- 


45 


- 


50 


- 


ns 




'PRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


100 


- 


100 


- 


105 


- 


ns 




l RAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


9,14,15 


k:AC 


Access Time from CAS 




20 




20 




20 


ns 


9,14 


*AA 


Access Time from Column Address 




30 




35 




40 


ns 


9,15 


tcPA 


Access Time from CAS Precharge 


- 


40 


- 


40 


- 


45 




9 


tcLZ 


CAU to Output in Low-Z 





- 





- 





- 


ns 


9 


toFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


l RP 


R~A~5 Precharge Time 


40 




50 




60 




ns 




l RAS 


Rffl Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




^RASP 


KAU Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 






RX5 Hold Time 


20 




20 




20 




ns 




tRHCP 


KA~5 Hold Time FromTSS 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




k;sH 


CAS" Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCAS 


CAS" Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




*RCD 


ESS" to CAS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


'RAD 


RAS to Column Address Delay 
Time 


15 


30 


15 


35 


15 


40 


ns 


15 


tcRP 


CAT? to KX5 Precharge Time 


5 




5 




5 




ns 




k:p 


CAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




USR 


Row Address Set-Up Time 

















ns 




l RAH 


Row Address Hold Time 


10 




10 




10 




ns 




Use 


Column Address Set-Up Time 


















ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




*RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


CHARACTERISTIC 


TC5144100ASJ 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


%P 


Write Command Pulse Width 


10 




15 




15 


_ 


ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




*CWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




^DS 


Data Set-Up Time 


o 




o 




o 




ns 


12 


*DH 


Data Hold Time 


15 


- 


15 


- 


15 


- 


ns 


12 


*REF 


Refresh Period 


- 


16 


- 


16 


- 


16 


ns 




l WCS 


Write Command Set-Up Time 

















ns 


13 


krWD 


CSS to WE Delay Time 


50 


- 


50 


- 


50 


- 


ns 


13 


f RWD 


RAS to WE Delay Time 


90 




100 




110 




ns 


13 


l AWD 


Column Address to WE Delay Time 


60 




65 


_ 


70 


_ 


ns 


13 




CSS Precharge to WE Delay Time 


70 


_ 


70 


_ 


75 


_ 


ns 


13 


tcSR 


CSS Set-up Time 
(CSS" before ESS Cycle) 


5 




c 

3 




5 




ns 




^CHR 


CSS Hold Time 
(CSS before RAS Cycle) 


15 




15 




15 




ns 




l RPC 


ESS to CSS Precharge Time 





- 





- 





- 


ns 




tcPT 


CSS Precharge Time 

(CSS before ESS Counter Test 

Cycle) 


30 




40 




40 




ns 




tROH 


ESS Hold Time referenced to DE 


10 




10 


- 


10 




ns 




k)EA 


DE Access Time 




20 




20 




20 


ns 




k)ED 


DE to Data Delay 


20 




20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time 
fromDE 





20 





20 





20 


ns 


10 


k)EH 


DE Command Hold Time 


20 




20 




20 




ns 




k)DS 


Output Disable Set-up Time 

















ns 




l WTS 


Write Command Set-up Time 
(Test Mode In) 


10 




10 




10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




*WRP 


WRITE to ESS Precharge Time 
(CSS before ESS Cycle) 


10 




10 




10 




ns 




%RH 


Write to"ESS Hold Time 
(CSS" before ESS"Cycle) 


10 




10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5144100ASJ 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l WBS 


Write Per Bit Set-Up Time 

















ns 




*WBH 


Write Per Bit Hold Time 


10 




10 




10 




ns 




t\VDS 


Write Per Bit Selection Set-Up 
Time 

















ns 




l WDH 


Write Per Bit Selection Hold Time 


10 




10 




10 




ns 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5144100ASJ 


UNIT 


NOTES 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


115 




135 




155 




ns 






Fast Page Mode Cycle Time 


50 




50 




55 




ns 




l RAC 


Access Time from RAS 




65 




75 




85 


ns 


9, 14, 
15 


k:AC 


Access Time from CAS 




25 




25 




25 


ns 


9, 14 


l AA 


Access Time from Column Address 




35 




40 




45 


ns 


9, 15 


tcPA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


9 


l RAS 


RAS" Pulse Width 


65 


10,000 


75 


10,000 


085 


10,000 


ns 




*RASP 


R~S5 Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




*RSH 


KX5 Hold Time 


25 




25 




25 




ns 




tcSH 


CSS Hold Time 


65 




75 




85 




ns 




l RHCP 


CAS" Precharge to ESS" Hold Time 


45 




45 




50 




ns 




tcAS 


CSS Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead Time 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 




Input Capacitance (A0~A9) 




5 


pF 


c I2 


Input Capacitance (KAU, CSS, WB/WE, DE) 




7 


pF 


Co 


Input/Output Capacitance (W1/I01-W4/I04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci - !cc3. I CC4- Icce depend on cycle rate. 

4. 1q CI , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed one or less while RAS=V IL and CAS = V ffl 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^j must be satisfied for a read cycle. 

1 2. These parameters are referenced to CAS leading edge in early write cycles and to WEAVE leading edge 
in Read-Modify- Write cycles. 

13- %CS' tRWD» ^WD' Uwd tcp^ are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t W cs^wcs (min.), the cycle is an early write cycle and the data 
output will remain open circuit (high impedance) through the entire cycle; If t RWD £t RWD (min.), 
tcwD^cwD (min.), t AWD >t AWD (min.) and tcpwp^tcpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^o (max.) limit insures that tj^c (max.) can be met. tj^ (max.) is specified as 
a reference point only: If is greater than the specified tj^ (max.) limit, then access time is 
controlled by t^. 



A-126 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514410ASJ-60/70/80 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A- 127 



TC514410ASJ-60/70/80 




A-128 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514410ASJ-60/70/80 




TnCUIR A AUCDIPA CI CPTDrtMir 1 /vtMBAMCM-re 



TC514410ASJ-60/70/80 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



tRASP 




*1 Dout1 
*2 Dout2 
*3 DqutN 
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CSS BEFORE R5S REFRESH CYCLE 




A.139 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514410ASJ-60/70/80 




TC514410ASJ-60/70/80 



CSS BEFORE K55 REFRESH COUNTER TEST CYCLE 




DATA-OUT 
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WE, CX5 BEFORE K55 REFRESH CYCLE 



tRC 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 

test tRP 



105 



V,M 



\ 



A0~A9 



Jcrp 

-r 



t»CD 



_t££_ 



JSiH- 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



V|H— ~ 
V|L 



A0~A9 



W6AVE 



tRCD > t tcp t ■ t RSH kRP 




Note : Dqut = OPEN 



: "H* or "L* 
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TEST MODE 

The TC5144100/ASJ is the RAM organized 1,048,576 words by 4 bits, it is internally organized 524,288 
words by 8 bits. In 'Test Mode", data are written into 8 sectors in parallel and retrieved the same way. AOc is 
not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC5 144100/ 
ASJ. In 'Test Mode", the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

"WE, CSS Before R"S5 Refresh Cycle" puts the device into 'Test Mode". And "CSS Before KAS Refresh 
Cycle" or RS5 Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WE, CSS Before 
RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 'Test Mode" 
function reduces test times (1/2 in case of N test pattern). 



BLOCK DIAGRAM IN THE TEST MODE 




o J Normal 'h 



Aoc 



Figure 1 
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4,194,304 WORD X 4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5117400J/Z/FT-60/70 is the new generation dynamic RAM organized 4,194,304 word by 4 bit. 
The TC5117400J/Z/FT-60/70 utilizes Toshiba's CMOS silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC51 17400J/Z/FT-60/70 to be packaged in 28/24 pin plastic SOJ, 
24 pin plastic ZIP and 28/24 pin plastic TSOP. The package provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic families such as Schottky 
TTL. 



FEATURES 



KEY PARAMETERS 



Single power supply of 5V±10% with a built- 
in V BB generator 

Low Power 
660mW MAX. Operating 

(TC5117400J/Z/FT-60) 
550mW MAX. Operating 

(TC5117400J/Z/FT-70) 
5.5mWMAX. Standby 
Outputs unlatched at cycle end allows two 
dimensional chip selection 

Read-Modify- Write, CA"5" before KA"5 refresh, 
RAS-only refresh, Hidden refresh and Fast 
Page Mode and Test Mode capability 

All inputs and outputs TTL compatible 

2048 refresh cycles/32ms 

Package 
TC5117400J : SOJ28-P-400A 
TC5117400Z : ZIP24-P-475 
TC5117400FT : TSOP28-P-400B 



ITEM 


TC5117400J/Z/FT 


-60 


-70 


tRAc RAS Access Time 


60ns 


70ns 


1 aa Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


t rc Fast Page Mode 
Cycle Time 


40ns 


45ns 
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PIN NAME 



A0-A9 


Address Inputs 


RX5 


Row Address Strobe 


CX5" 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


1/01-1/ 
04 


Data Input/Output 


V CC 


Power ( + 5V) 


v ss 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic ZIP 



Plastic TSOP 
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BLOCK DIAGRAM 



v$$ 

i 



± 



"8 
± 



VOtTAGt DOWN 
CONVERTER 



"8 S 



DATA IN 




DATA OUT 


■UfFERS 




■UfFERS 



-*-0 v cc 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RANGES 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


VoUT 


— 1-7 


V 




Power Supply Voltage 


Vcc 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°C 




StorageTemperature 


T STG 


—55-150 


°C 




Soldering Temperature »Time 


TsOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Ouput Current 


Iqut 


50 


mA 





TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



A. 141 



TC5117400J/Z/FT-60/70 



RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°c) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 




Input High Voltage 


2.4 




Vcc+0.5 


V 


2 


VlL 


Input Low Voltage 


—0.5* 




0.8 


V 


2 



*— 2.0V at pulse width £ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTE 




OPERATING CURRENT 

Average Power Supply Operating Current 

(ESS, CSS Address Cycling: t RC = t RC 

MIN.) 


TC5117400J/Z/FT-60 




120 


mA 


3, 4,5 


TC5117400J/Z/FT-70 


— 


100 


k:c2 


STANDBY CURRENT 
Power Supply Standby Current 
(R~£5=CS5=V IH 




2 


mA 




k:c3 


ESS ONLY REFRESH CURRENT 
Average Power Supply Current, RAS 
Only Mode 

(ESS Cycling, CSS=V IH : t RC =tRc MIN) 


TC5117400J/Z/FT-60 


— 


120 


mA 


3,5 


TC5117400J/Z/FT-70 




100 


k:c4 


FAST PAGE MODE CURRENT 
Average Power Supply Current, Fast Page 
Mode 

(K£5=Vil, CSS, Address Cycling: 
tpc=tpc MIN.) 


TC5117400J/Z/FT-60 




70 


mA 


3, 4,5 


TC5117400J/Z/FT-70 


— 


60 


k;c5 


STANDBY CURRENT 
Power Supply Standby Current 
(ESS=CSS=V CC — 0.2V) 




1 


mA 




k;c6 


CSS BEFORE ESS REFRESH CUR- 
RENT 

Average Power Supply Current, CSS 
Before ESS 

Mode (ESS, CSS Cycling: t RC =t RC 
MIN.) 


TC5117400J/Z/FT-60 




120 


mA 


3,5 


TC5117400J/Z/FT-70 




100 


! I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V^Vcc All Other Pins Not Under Test=OV) 


—10 


10 


UA 






OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, OV<V OUT <V cc ) 


—10 


10 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (I ut= —5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IouT=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6, 7, 8) 



SYMBOL 


PARAMETER 


TC5117410J/Z/FT 


UNIT 


NOTES 


—60 


—70 


MIN. 


MAX. 


min. 


MAX. 


*RC 


Random Read or Write Cycle Time 


110 




130 




ns 




l RMW 


Read-Modify- Write Cycle Time 


155 




180 




ns 




l PC 


Fast Page Mode Cycle Time 


40 




45 


_ 


ns 




l PRMW 


Fast Page Mode Read-Modify-Write Cycle Time 


85 




95 




ns 




l RAC 


Access Time from RAS 


— 


60 


— 


70 


ns 


9, 14, 
15 


KUAC 


Access Time from CAS 





15 





20 


ns 


9, 14 


t A A 

AA 


Access Time from Column Address 




30 




35 


ns 


9, 15 


^CPA 


Access Time from CAS Precharge 




35 




40 


ns 


9 


tcLZ 


CAS to ouput in Low-Z 












ns 


9 


•off 


Output Buffer Turn-off Delay 





15 





15 


ns 


1 c\ 
10 


t x 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Precharge Time 


40 




50 




ns 




l RAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


ns 




l RASP 


RAS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


ns 




*RSH 


RAS Hold Time 


15 




20 




ns 




tRHCP 


RAS Hold Time From CAS Precharge (Fast Page 
Mode) 


35 


— 


40 


— 


ns 




•CSH 


CAS Hold Time 


60 




70 




ns 




^CAS 


CA"5 Pulse Width 


15 


10,000 


20 


10,000 


ns 




^RCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


ns 


14 


^RAD 


KAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


15 


^CRP 


CAS to RAS Precharge Time 


5 




5 




ns 




^CP 


CAS Precharge Time 


10 




10 




ns 




^ASR 


Row Address Set-Up Time 












ns 




tRAH 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address to RAS Lead Time 


30 




35 




ns 




tRCS 


Read Command Set-Up Time 












ns 




l RCHS 


Read Command Hold Time 












ns 


11 


*RRH 


Read Command Hold Time referenced to RAS 












ns 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5117400J/Z/FT 


UNIT 


NOTES 


—60 


—70 


MIN.. 


MAX. 


MIN. 


MAX. 


^WCH 


Write Command Hold Time 


10 




15 




ns 






Write Command Pulse Width 


10 




15 




ns 




^RWL 


Write Command to RAS Lead Tune 


15 




20 




ns 






Write Command to CAS Lead Time 


15 


— 


20 


— 


ns 




^DS 


Data Set-Up Time 












ns 


12 


k>H 


Data Hold Time 


10 


— 


15 


— 


ns 


12 


l REF 


Refresh Period 


— 


32 


— 


32 


ms 




l WCS 


Write Command Set-Up Time 












ns 


13 


tcWD 


CSS" to WRITE Delay Time 


40 




45 




ns 


13 


tRWD 


RAS to WRITE Delay lime 


85 


— 


95 


— 


ns 


13 


l AWD 


Column Address to WRITE Delay l ime 


55 


— 


60 


— 


ns 


13 


tcPWD 


CSS Precharge to WRITE Delay Time 


60 


— 


65 


— 


ns 


13 


k:sR 


CSS Set-Up Time 
(CSS before"RSS Cycle) 


5 




5 




ns 




tcHR 


CSS Hold Time 

(CAo Detore kas cycie; 


10 





15 





ns 




l RPC 


kaj to las rrecnarge nme 


5 




5 




ns 




tcPT 


LAo rrecnarge lime (las oeiore kaj> counter 
Test Cycle 


20 


— 


30 


— 


ns 




^ROH 


RSS Hold Time referenced to DE 


10 




10 




ns 




k)EA 


OE Access Time 




15 




20 


ns 




k)ED 


OE to Data Delay 


15 




15 




ns 




k>EZ 


Output buffer turn off Delay Time from OE 





15 





15 


ns 


10 


kfEH 


DE Command Hold Time 


15 




15 




ns 




kiDS 


Output Disable Set-Up Time 












ns 




l WTS 


Write Command Set-Up Time (Test Mode In) 


10 




10 




ns 




twTH 


Write Command Hold Time (Test Mode In) 


10 




10 




ns 




l WRP 


WKl lii to RAS Precharge Time (CAS before 
RSS Cycle) 


10 




10 




ns 




l WRH 


WRITE to RSS Hold Time (CSS before RSS 
Cycle) 


10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5117400J/Z/FT 


UNIT 


NOTES 


—60 


—70 


MIN. 


MAX. 


MIN. 


MAX. 


l RC 


Random Read or Write Cycle Time 


115 




135 




ns 






Fast Page Mode Cycle Time 


45 




50 




ns 




^RAC 


Access Time from RAS 


— 


65 


— 


75 


ns 


9, 14, 
15 


k:AC 


Access Time from CAS 


— 


20 


— 


25 


ns 


9, 14 


*AA 


Access Time from Column Address 


— 


35 


— 


40 


ns 


9, 15 


*CPA 


Access Time from CAS Precharge 


— 


40 


— 


45 


ns 


9 


l RAS 


RAS" Pulse Width 


65 


10,000 


75 


10,000 


ns 




tRASP 


KA"5 Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


ns 




*RSH 


KA"5 Hold Time 


20 




25 




ns 




*CSH 


CATS Hold Time 


65 




75 




ns 




*RHCP 


CAT* Precharge to RA"5 Hold Time 


40 




45 




ns 




tcAS 


CSS Pulse Width 


20 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead Time 


35 




40 




ns 




k)EA 


DE Access Time 




20 




25 


ns 




k)EH 


DE Hold Time 


20 




20 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance(A0~A10) 




5 


pF 


Cj 2 


Input Capacitance (RAS, CAS, WRITE, 
DE) 




7 


pF 


Co 


Input/Output Capacitance (1/01-1/04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V55. 

3 - icci. !cc3' kxA> kxx depend on cycle rate. 

4. Icci» Icc4 depend on output loading. SPEcified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tj^ must be satisfied for a read cycle. 

1 2. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13- t W cs> 1 rwd< tcwD> Uwd m & tcpwD 316 not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs £t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^cwD (nun.), t AWD £t AWD (min.) and tcpwp^tcpwc (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCS (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^ (max.) limit insures that t^c (max.) can be met. (max.) is specified as 
a reference point only: If t liAD is greater than the specified t^D (max.) limit, then access time is 
controlled by t^. 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




1/01- VuOH 



•1 Dqut' 



•2 Dour 2 



•3 DoutN 
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K55 ONLY REFRESH CYCLE 



V|H— ~ 
V|L 



Vim— -r 

V(L — / 



tASR 



tRC 



Y \ 



tRPC 



V7 



tRAH 



A0~A10 




Nott: D IN , WHITE, OB« "H* or "L" 



: "H" or "L" 
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WRITE, CA~5 BEFORE R5S REFRESH CYCLE 

tRC 




WRITE 



Note: D| N , UE, A0~A10-"H" or "L" 



: "H" or "L* 



READ CYCLE IN THE TEST MODE 



A0-A10 




WRITE 



l/Oi v oh 
-1/03 Vol 



Note : DB="L", D| N =OPEN 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 




Note : CB»"L", D| N =OPEN 
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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TEST MODE 

The TC5117400J/Z/FT is the RAM organized 4,194,304 words by 4 bits; it is internally organized 
1,048,576 words by 16 bits. In "Test Mode," data are written into 16 sectors in parallel by using only 1/01. Ale, 
AOc are not used. If, upon reading, 16 bits are equal (all "l"s or "0"s), the 1/04 pin indicates a "1." If they were 
not equal, the 1/04 pin would indicate a "0." I/O 1 , 1/02 and 1/03 always indicate a " 1 " during test mode read cycle. 
Fig. 1 shows the block diagram of TC51 17400J/Z/FT. In 'Test Mode," the 4Mx4 DRAM can be tested as if it 
were a 1MX16 DRAM. 

"WRITE, CA"5 Before RA"5 Refresh Cycle" puts the device into 'Test Mode." And "C£5 Before KAU 
Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode." In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" Performs the refresh operation with the internal refresh address counter. The 
'Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



A0C.A1C 




Figure 1 
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4,194,304 WORD X 4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5116400J/FT is the new generation dynamic RAM organized 4,194,304 word by 4 bit. The 
TC5116400J/FT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 1 16400J/FT to be packaged in a 28/24 pin plastic SOJ, and 28/24 pin plastic TSOP. The package 
size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V± 10% tolerance, direct interfacing 
capability with high performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



4,194,304 word by 4 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

495mW MAX .Operating 

(TC5116400J/FT-60) 

440mW MAX. Operating 

(TC5116400J/FT-70) 

5.5mWMAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify-Write, CM before KA"5 refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
4096 refresh cycles/64ms 

Package TC5116400J : SOJ28-P-400A 
TC5116400FT : TSOP28-P-400B 



ITEM 


TC5116400J/FT 


-60 


-70 


*RAC Access Time 


60ns 


70ns 


^AA Column Address 
Access Time 


30ns 


35ns 


tcAC CAS Access Time 


15ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


tpC Fast Page Mode 
Cycle Time 


40ns 


45ns 
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PIN NAME 



AO-All 


Address Inputs 


KA5 


Row Address Strobe 


CXS 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/04 


Data Input/Output 


V CC 


Power (+5V) 


V ss 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic TSOP 
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BLOCK DIAGRAM 



1__L 



VOUAGf DOWN 
CONVERTER 



WRITE O 



^>3 



N0.2 CLOCK 
GENERATOR 



i— ^0 



COLUMN 
ADDRESS 
SUFFERS 00) 



a 



REFRESH 
CONTROLLER 



amO-** 



17 



-M 



REFRESH 
COUNTER (12) 



-V ROW 

— N 

_12^ ADDRESS 



■UFFERS (12) 



NO. I CLOCK 
GENERATOR 



^ *g 

MM 



OATA IN 




OATA OUT 


-*-o 


•UFFERS 




■UFFERS 





EFFF 



OT 



30 



COLUMN 
DECODER 



SENSE AMP 
VO GATE 











1024 

' X4 ' 





SUBSTRA1E M.AS 
GENERATOR 



-«-o 



«SS 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-150 


°C 




Soldering Temperature • Time 


^SOLDER 


260*10 


°C»sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


i 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




Vcc+0-5 


V 


2 


Vil 


Input Low Voltage 


-0.5* 




0.8 


V 


2 



*-2.0V at pulse width £ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


i 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(R"A5, CS5, Address Cycling: t RC =t RC MIN.) 


TC511640J/FT-60 




90 


mA 


3,4 
5 


TC5U640J/FT-70 


■ 


80 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(K£5=CAS=V IH ) 




2 


mA 




k;c3 


KAT5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(R~X5 Cycling, CX5=V IH : t RC =t RC MIN.) 


TC511640J/FT-60 




90 


mA 


3,5 


TC51164OJ/FT-70 


- 


80 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"A"S~ =Vjl,TSS", Address Cycling:tpc=tpc MIN.) 


TC511640J/FT-60 


- 


70 


mA 


3,4 
5 


TC511640J/FT-70 




60 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CAS"=V CC -0.2V) 




1 


mA 




I 

CC6 


CM BEFORET5X5 REFRESH CURRENT 


TC511640J/FT-60 




90 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (R"£5, CATS, Cycling: t RC =t RC MIN.) 


TC511640J/FT-70 




80 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<VrK^V cc , All Other Pins Not Under Test=0V) 


-10 


10 


uA 




0(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT <V cc ) 


-10 


10 


uA 




V 0H 


OUTPUT CURRENT 

Output "H" Level Voltage (I uT=-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5116400J/FT 


UNIT 


NOTES 


-60 


-70 


MIN 


MAX. 


MIN 


MAX 




Random Read or Write Cycle Time 


110 




130 




ns 




^RMW 


Read-Modify- Write Cycle 


155 




180 




ns 






Fast Page Mode Cycle Time 


40 




45 




ns 




l PRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


85 




95 




ns 




l RAC 


Access Time from RAS 


- 


60 


- 


70 


ns 


9,14,15 


k:AC 


Access Time from CAS 


- 


15 


- 


20 


ns 


9,14 


l AA 


Access Time from Column Address 




30 




35 


ns 


9,15 


k;pA 


Access Time from CAS Precharge 




35 




40 




9 


tcLz 


CSS to Output in Low-Z 












ns 


9 


toFF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tjy> 


RAS Presharge Time 


40 




50 




ns 




^RAS 


KSS Pulse Width 


60 


10,000 


70 


10,000 


ns 




'rasp 


R~A5 Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


ns 




'rsh 


R"SS Hold Time 


15 




20 




ns 




tRHCP 


R~A~S Hold Time From"CSS 
Precharge (Fast Page Mode) 


35 




40 




ns 




k:sH 


CAS Hold Time 


60 


- 


70 


- 


ns 




*cas 


CSS" Pulse Width 


15 


10,000 


20 


10,000 


ns 




*RCD 


KSS to CSS Delay Time 


20 


45 


20 


50 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


15 


tcRP 


CSS to ESS Precharge Time 


5 




5 




ns 




k;p 


CSS Precharge Time 


10 




10 




ns 




*ASR 


Row Address Set-Up Time 












ns 




'rah 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 












ns 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5116400J/FTL 


UNIT 


NOTES 


-60 


-70 


MIN 


MAX 


MIN 


MAX 




Write CommandHold Time 


10 




15 




ns 




twp 


Write Command Pulse Width 


10 




15 




ns 




^RWL 


Write Command to RAS Lead Time 


10 




20 




ns 




*CWL 


Write Command to CAS Lead Time 


15 


- 


20 


- 


ns 




^DS 


Data Set-Up Time 












ns 


12 


l DH 


Data Hold Time 


10 


- 


15 


- 


ns 


12 


l REF 


Refresh Period 


- 


64 


- 


64 


ms 




Wcs 


Write Command Set-Up Time 












ns 


13 


tc\VD 


CAS to WRITE Delay Time 


40 




45 




ns 


13 


l RWD 


RSS to WRITE Delay Time 


85 


- 


95 


- 


ns 


13 


l AWD 


Column Address to WRITE Delay Time 


55 


- 


60 


- 


ns 


13 


tcPWD 


CAS Precharge to WRITE Delay Time 


60 


- 


65 


- 


ns 


13 


*CSR 


CSS" Set-Up Time 
TCKS before RSS Cycle) 


5 


- 


5 


- 


ns 




tcHR 


CSS Hold Time 


10 


- 


15 


- 


ns 




1 rpc 


ivr\o 10 rTccnarge lime 


5 


- 


5 


- 


ns 




*cpt 


v-/\o irecndrge lime 

(CSS" before RSS Counter Test Cycle 


20 




30 




ns 




l ROH 


nuiu lime rcicicnccu iu 


10 




10 




ns 




k>EA 


OE Access Time 




15 




20 


ns 




k)ED 


OE to Data Delay 


15 




15 




ns 




k)EZ 


Output buffer turn off Delay Time from OE 





15 





15 


ns 


10 


k)EH 


OE Command Hold Time 


15 




15 




ns 




k>DS 


Output Disable Set-Up Time 












ns 




l WTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




ns 




l WRP 


write to RAS Precharge Time 
(CSS before RSS" Cycle) 


10 




10 




ns 




tWRH 


Write to"RSS Hold Time 
(CSS before KSS~Cycle 


10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5116400J/FTL 


UNIT 


NOTES 


-60 


-70 




MAY 




MAY 

JYLrVA. 




Random Read or Write Cycle Time 


1 1 J 








ns 




tpc 


Fast Page Mode Cycle Time 










ns 




l RAC 


Access Time from RAS 








ID 


ns 


9,14, 
15 


klAC 


Access Time from CAS 




20 




25 


ns 


9,14 


l AA 


Access Time from Column Address 




35 




40 


ns 


9,15 


*CPA 


Access Time from CAS Precharge 




40 


_ 


45 


ns 


9 


l RAS 


KM Pulse Width 


65 


10,000 


75 


10,000 


ns 




*RASP 


ESS Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


ns 




*RSH 


KA~5 Hold Time 


20 




25 




ns 




*CSH 


CSS Hold Time 


65 




75 




ns 




*RHCP 


CSS Precharge to RSS Hold 


40 




45 




ns 




k:AS 


CSS Pulse Width 


20 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 


35 




40 




ns 




*OEA 


DE Access Time 




20 




25 


ns 




*RAL 


DE Command Hold Time 


30 




20 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MEN 


MAX 


UNIT 


C,i 


Input Capacitance (A0~A11) 




5 


pF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input Capacitance (I/01-I/04) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci> !cc3' I cc4- !cc6 depend on cycle rate. 

4. Ice j, depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS^^. In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^u must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

1 3 . t wcs , t RWD » tcwD' *awd and tcpwD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and tcpwp^PWDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^o (max.) limit insures that t^c (max.) can be met. tj^D (max.) is specified as 
a reference point only: If is greater than the specified t RAD (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 

Jb&SE- 



A10.A11 




WRITE 



l/Ol~ V K)H 



•1 DoutI 



*2 D ut2 



*3 DqutN 



"H* or "I" 
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KS5 ONLY REFRESH CYCLE 

^ tRC 
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CSS BEFORE K53 REFRESH COUNTER TEST CYCLE 




DATA-OUT 



"H* or -L" 
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READ CYCLE IN THE TEST MODE 



A0~A9 



A10.A11 



1/04 




WRITE 



1/01 V 0H 

~V03 vol—" 



Note : OT="L" , D iN =OPEN 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 
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TEST MODE 

The TC51 16400J/FT is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 
words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only I/IO. Ale, AOc are 
not used. If, upon reading, 16 bits equal (all "l"s or "0"s), the 1104 pin indicates a"l". If they were not equal, 
the 1/04 pin would indicate a "0". I/Ol, 1/02 and 1/03 always indicate "1" during test mode read cycle. Fig. 1 
shows the block diagram of TC5116400J/FT. In "Test Mode", the 4M5DRAM can be tested as if it were a 
1M516DRAM. 

"WRITE, CA"5 Before KA"5" Refresh Cycle" puts the device into "Test Mode". And "CM Before KA"5 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
'Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 



A0C.A1C 




Normal 



Figure 1 
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524,288 WORD X 8 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 1 4800AJ/AZ/AFT is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJ/AZ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 14800AJ/AZ/AFT to be packaged in a standard 28 pin plastic SOJ, 28 pin plastic ZIP and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V+ 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL, 



FEATURES 



KEY PARAMETERS 



524,288 word by 8 bit organization 
Fast access time and cycle time 

Single power supply of 5V+ 10% with a built- 
ion V BB generator 
Low Power 

578mW MAX .Operating 

(TC5 14800AJ/AZ/AFT-70) 

495mW Max. Operating 

TC514800AJ/AZ/AFT-80 

5.5mW Max. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify- Write, CAS before R"AU refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode capability 

All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package 



TC514800AJ 
TC514800AZ 
TC514800AFT 



SOJ28-P-400 
ZIP28-P-400 
TSOP28-P-400 



ITEM 


TC5 1 4800 AJ/AZ/AFT 


-70 


-80 


l RAC R~A"5" Access -rime 


70ns 


80ns 


*AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAS Access Time 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpC Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8 
A9R 


Address Inputs 


KM 


Row Address Strobe 


CM 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/08 


Data Input/Output 


Vcc 


Power (+ 5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 
(O—A 



Plastic ZIP 



Plastic TSOP 
(Normal Bend Type) 



VccC 
1/01 C 
I/02C 
1/03 C 

1/04 C 
N.CC 

write L■ 
*A5L■ 

A9RC 

ao: 

A1C 

A2 

A3 

v cc C 



28 P V SS 
27 



26P 
25 
24 
23 
22 
21 
20 



10 19 

11 18 

12 17 

13 16 

14 15 



I/08 
I/07 
Dl/06 
Hl/05 

DOT 
DN.C 

das 

DA7 
IAS 
DA5 
DA4 

:v ss 



OT 

1/05 
1/07 

Vss 

1/01 
I/03 
N.C 
Ra5 
AO 
A2 

Vcc 

A4 
A6 
A8 



1J 
- "i 
3J 

33 

Z3 

~ "i 
.?j 

13] 

S3 

S3 

19] 
L2J] 
23] 
25] 

68 



es: 
[§: 
[§. 

Do 

[1_2J 
[14 

[16 

sk 

[2~q 

[2~2 

53 
[26 

[28 



CA5 
1/06 
1/08 

Vcc 
1/02 
1/04 
WRITE 



A9R 
A1 
A3 

Vss 
A5 
A7 
N.C. 





o 




VccC 


1 


28 


I/0 1 1E 


2 


27 


I/02C 


3 


26 


i/o3tr 


4 


25 


1/041 


5 


24 


N.C.DE 


6 


23 


WRITE! 


7 


22 


RA5IE 


8 


21 


A9R(E 


9 


20 


AO(E 


10 


19 


A1IE 


11 


18 


A2E 


12 


17 


A3(E 


13 


16 


VccC 


14 


15 
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BLOCK DIAGRAM 



WRITE o 



AO 




A1 




A2 




A3 


o+* 


A4 


o*- 


A5 


o*- 


A6 


o*- 


A7 


a*- 


A8 


o#- 


A9R 


o — 



Vcc v ss 



NO.2 CLOCK 
GENERATOR 



± 



COLUMN 
AODRESS 
BUFFERS (9) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



ROW 
ADDRESS 



y/ BUFFERS (10) 



± 



l/OI 



1/02 
Q 



1/04 1/06 1/08 
O O O 

1/03 i 1/05 A 1/07 



i n 1? I r 

j.« > V> 



DATA IN 
BUFFERS 



DATA OUT 
BUFFERS 



71 



COLUMN 
DECODER 



SENCE AMP 
I/O GATE 



TS-rn^J N0 - 1 CL0CK ' 
RAS GENERATOR 



OO 
ecu 



1024 



•512x8- 



MEMORY 
ARRAY 
1024x512x8 



SUBSTRATE BIAS 
GENERATOR 



OT 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


Vcc 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


TsOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 




Input Low Voltage 

(A0~A8,A9, KA"5, CX5, WRITE, DE) 


-1.0*1 




0.8 


V 


2 




Input Low Voltage (T7D-I7D9) 


-0.5*2 




0.8 


V 


2 



*1 -2.SV at pulse width £ 20ns 
*2 -2.0V at pulse width £ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(HAT5, CX5, Address Cycling: t RC =t RC MIN.) 


TC5 14800AJ/AZ/AFT-70 




105 


mA 


3,4 
5 


TC5 14800 AJ/AZ/AFT-80 


- 


90 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V IH ) 




2 


mA 




ICC3 


KX5 ONLY REFRESH CURRENT Average 
Power Supply Current, kj^jj Only Mode 
(RS5 Cycling, CAT5=V ffl : t RC =t RC MTN.) 


TC5 14800AJ/AZ/AFT-70 


- 


105 




3 5 


TC514800AJ/AZ/AFT-80 






I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"X5 =Vjl, CA"5,Address Cyclingitpc^pcMIN.) 


TC5 14800AJ/AZ/AFT-70 




75 


mA 


3,4 
5 


TC514800AJ/AZ/AFT-80 




65 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=C55=V CC -0.2V) 




1 


mA 




I 

CC6 


CA"5 BEFORE~R"A"5 REFRESH CURRENT 


TC5 14800AJ/AZ/AFT-70 




105 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (EATS, CSS.Cycling: t RC =tpc MIN.) 


TC514800AJ/AZ/AFT-80 




90 


I 

KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V IN <6.5V, All Other Pins Not Under Test=0V) 


-10 


10 


UA 




! 0(L) 


OUTPUT LEAKAGE CURRENT 
(D oux is disabled, 0V <V OUT <5.5V) 


-10 


10 


UA 




V OH 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 14800 AJ/AZ/AFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 




105 




ns 




l RAC 


Access Time from RAS 




70 




80 


ns 


9,14,15 


tcAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


l AA 


Access Time from Column Address 


- 


35 


- 


40 


ns 


9,15 


kTA 


Access Time from CAS Precharge 




40 




45 


- 


9 


*CLZ 


CM to Output in Low-Z 












ns 


9 


^QFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tjy> 


KM Presharge Time 


50 




60 




ns 




^RAS 


KM Pulse Width 


70 


10,000 


80 


10,000 


ns 




*RASP 


ESS" Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,00 



ns 




l RSH 


KM Hold Time 


20 


- 


20 


- 


ns 




*RHCP 


KM Hold Time FromCM 
Precharge (Fast Page Mode) 


40 


- 


45 


- 


ns 




tcSH 


CM Hold Time 


70 


- 


80 


- 


ns 




tcAS 


CAS" Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


KM to CM Delay Time 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 


*CRP 


CM to KM Precharge Time 


5 


- 


5 




ns 




*cp 


CAS Precharge Time 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 





- 





- 


ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


15 




15 




ns 




tAR 


Column Address Hold Time 


55 




60 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




tRCS 


Read Command Set-Up Time 












ns 




*RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


t\VCH 


Write Command Hold Time 


15 




15 




ns 




%CR 


Write Command Hold Time referenced to RAS 


55 




60 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 1 4800AJ/AZ/AFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


15 




15 




ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


20 




20 




ns 




l DS 


Data Set-Up Time 












ns 


12 


l DHR 


Data Hold Time 


15 


- 


15 




ns 


12 


*DH 


Data Hold Time referenced to RAS 


55 




60 




ns 




l REF 


Refresh Period 




16 




16 


ms 




l WCS 


Write Command Set-Up Time 












ns 


13 


twD 


CSS" to WRITE Delay Time 


50 




50 




ns 


13 




ESS" to WRITE Delay Time 


100 




110 




ns 


13 


tAWD 


Column Address to WRITE Delay Time 


65 




70 




ns 


13 


^CPWD 


CAS Precharge to WRITE Delay Time 


70 




75 




ns 


13 


^CSR 


CSS" Set-Up Time (CAS before RAS Cycle) 


5 




5 




ns 




^CHR 


CSS" Hold Time (CSS" before KS5 Cycle) 


15 




15 




ns 




^RPC 


RAS to CSS" Precharge Time 












ns 




krr 


CSS Precharge Time (CSS" before RSS" 
Counter Test Cycle) 


40 




40 




ns 




tROH 


RSS Hold Time referenced to OE 


10 




10 




ns 




k>EA 


OE Access Time 




20 





20 


ns 


9 


k)ED 


OE to Data Delay 


20 




20 




ns 




kfEZ 


Output buffer turn off Delay Time from OE 





20 





20 


ns 


10 


tOEH 


OE Command Hold Time 


20 




20 




ns 




toDS 


Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Ci, 


Input Capacitance (A0-A8, A9) 




5 


pF 


C I2 


Input Capacitance (RSS", CSS", WRITE, OE)) 




7 


pF 


Co 


Input Capacitance (I/01-I/08) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- kci> !cc3> I cc4> !cc6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of 1^4, it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200|xs is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and tQ^z (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^j must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRTTE leading edge 
in Read-Modify- Write cycles. 

13. t wcs , t RWD , tcwD' *awd ^d tcpwD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t wcs ^t WC s (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD -tRWD (min.), 
tcwD-tcwD (min.), 'awd— ^awd (min.) and tcpwp^cpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tRAD (max.) limit insures that tj^c (max.) can be met. tj^ (max.) is specified as 
a reference point only: If t^j^ is greater than the specified (max.) limit, then access time is 
controlled by t^. 
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kueure ilia 
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WRITE CYCLE (DE CONTROLLED WRITE) 



tRC 
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TC514800J/AZ/AFTA-70/80 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




"H" or "L" 
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eSS BEFORE RS5 REFRESH CYCLE 




1/01 ~ V 0H " 

1/08 v 0L 



OPEN 



Note: Din, WRiTT, OT, A0~A8, A9R= "H" or "L" 



"H* or "L" 
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CSS BEFORETK3 REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 



ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC5 1 480OAJ/AZ/AFT 
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tR^) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE stobes data on 1/01-1/08 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a 
read cycle the outputs go active after the access time interval t^c and tg^A are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In an early-write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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R~A~5 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0-A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Ic C3 
specification. 



€X5 BEFORE K53 REFRESH 

CATbefore KAU refreshing available on the TC5 14800 AJ/AZ/ AFT offers an alternate refresh method. If 
CAS is hold on low for the specified period (tc SR ) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation 
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before 
RAS refresh operation. 



FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514800AJ/AZ/AFT allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is common. This "Fast page Mode" of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 



HIDDEN REFRESH 

An optional feature of the TC514800AJ/AZ/AFT is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is perfomed by 
holding CAS at Vjl and taking RAS high and after a specified precharge period (t^p), executing a CAS before 
RAS refresh cycle, (see Figure below) 



CBS 



\ r^s ^ / 



I/0 1~ 1/08 — OPEN 



MEMORY CYCLE 



\ 



< 



REFRESH CYCLE 



VALID DATA-OUT 



REFRESH CYCLE 



/ 



> 



This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data 
availability. 
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C5S BEFORE R5S REFRESH COUNTER TEST 

The internal refresh operation of TC5 1 4800 AJ/AZ/ AFT can be tested by "CAU BEFORE RA~5 REFRESH 
COUNTER TEST". This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1 . Write "0" into all the memory cells normal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be performing "CAS 
BEFORE KE5 REFRESH COUNTER TEST (READ-MODIFY- WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check "1" out of 1024 bits at normal read mode , which was written at 2. 

4. Using the same column as 2., read "1" out and write "0" in each cell performing "CAS BEFORE RAS 
REFRESH COUNTER TEST". Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1 . to 5. to the complement data. 
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524,288 WORD X 8 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 14800 AJL/AFTL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJL/AFTL utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 1 4800AJL/AFTL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 



FEATURES 



KEY PARAMETERS 



524,288 word by 8 bit organization 
Fast access time and cycle time 

Single power supply of 5V+ 10% with a built- 
ion V BB generator 
Low Power 

578mW MAX .Operating 

(TC5 1 4800AJ/AZ/AFT-70) 

495mW Max. Operating 

TC5 14800AJ/AZ/AFT-80 

l.lmWMax. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read-Modify- Write, CA"5 before KAU refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode capability 

All inputs and outputs TTL compatible 

1024 refresh cycles/1 28ms 

Package 
TC514800AJL :SOJ28-P-400 
TC514800AFTL .TSOP28-P-400 



ITEM 


TC5 1 4800 AJL/AFTL 


-70 


-80 


*RAC RAS Access Time 


70ns 


80ns 


*AA Column Address 
Access time 


35ns 


40ns 


*CAC ^AS Access Time 


20ns 


20ns 


tRC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8 
A9R 


Address Inputs 


RAS 


Row Address 
Strobe 


CSS 


Column Address 
Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/08 


Data Input/Output 


Vcc 


Power (+ 5V) 


V SS 


Ground 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Vcc 
1/01 C 

1/02 C 

1/03 C 
1/04 C 
N.C.C 

WM[ 

A9RC 
AOC 
A1C 
A2C 
A3C 

VccC 



C 1 28Dv ss 



27 
26b 
25D 
24 
23 
22 



8 21 

9 20pA8 

10 1 

11 18 

12 17 

13 16 



9 3A7 
DA6 
DA5 
DA4 
14 15 3v ss 



Dl/08 
1/07 
1/06 
31/05 
DOT 
DOT 
Dn.c. 



Plastic TSOP 
(Normal Bend Type) 



V CC (E 1 28[I]Vss 

i/Oi DE 

I/02IE 

I/03DE 



I/04E 5 24 I 1/05 



N.CIE 

WRiTtlE 
KA3IE 
A9RE 
AO[E 
AltE 
A2E 
A3E 

VccOC 



2 
3 

4 25 tU 1/06 



6 23 

7 22 DOT 

8 21 I N.C. 

9 20 HAS 

10 19 31A7 

11 18IA6 

12 17 2A5 

13 16TJA4 

14 15 I V SS 
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BLOCK DIAGRAM 



Vcc v ss 



WRITE o- 



AO 

A1 O*" 
A2 O** 
A3 O*- 
A4 O*- 

A5 ©*■ 

A6 O*- 

A7 ©*• 

A8 O*- 



A9R O- 



N0.1 CLOCK 
O - " GENERATOR 



1/01 



1/02 
O 



1/04 1/06 1/08 
1/03 A 1/05 ? 1/07 ° 



mm? 



DATA IN 
BUFFERS 



N0.2 CLOCK 
GENERATOR |Z 



5k 



DATA OUT 
BUFFERS 



7 





COLUMN 
ADDRESS 
BUFFERS (9) 




REFRESH 
CONTROLLER 








REFRESH 
COUNTER (10) 




ROW 
ADDRESS 
BUFFERS (10) 


* 



COLUMN 
DECODER 



SENCE AMP 
I/O GATE 



oo 



1024 



MEMORY 
ARRAY 
1024x512x8 



SUBSTRATE BIAS 
GENERATOR 



OT 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V C c 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-150 


°C 




Soldering Temperature • Time 


T SOLDER 


260*10 


°C«sec 




Power Dissipation 


P D 


600 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MESf. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6..5 


V 


2 


VlL 


Input Low Voltage 

(A0~A8,A9, KA"5, CSS", WRITE, DE) 


-1.0*1 




0.8 


V 


2 


Ve. 


Input Low Voltage (T7CM709) 


-0.5*2 




0.8 


V 


2 



*1 -2.5V at pulse width <, 20ns 
*2 -2.0V at pulse width <. 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


UNIT 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(R"X5, CATJ, Address Cycling: t RC =t RC MIN.) 


TC5 14800AJL/AFTL-70 




105 


mA 


3,4 
5 


TC514800AJL/AFTL-80 




90 


CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(FCS5=CSS=V IH ) 




2 


mA 




k:c3 


K£5 ONLY REFRESH CURRENT Average 
Power Supply Current, ujr^ Only Mode 
(R"A"5 Cycling, C£5=V IH : t RC =t RC MIN.) 


TC5 14800AJL/AFTL-70 




105 


mA 


3,5 


TC514800AJL/AFTL-80 


- 


90 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RS5 =V IL , CXS.Address Cyclingitpc^pcMIN.) 


TC5 14800 AJL/AFTL-70 


- 


75 


mA 


3,4 
5 


TC514800AJL/AFTL-80 




65 


i 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(K£5=C7\S"=V CC -0.2V) 




200 


mA 




l CC6 


CE5 BEFORE"R~AU REFRESH CURRENT 


TC5 14800AJL/AFTL-70 




105 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (R55, CAS.Cycling: t RC =tpc MIN.) 


TC5 14800 AJL/AFTL-80 




90 


I 

CC7 


BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up Mode 

(CAT5= CSS Before RSS Cycling or 0.2V, DE =V CC -0.2V or 0.2V, 




300 


mA 


3.6 


! I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^VrK^V, All Other Pins Not Under Test=0V) 


-10 


10 


uA 




0(L) 


OUTPUT LEAKAGE CURRENT 
(D 0UT is disabled, 0V <V om <5.5W) 


-10 


10 


UA 




V H 


OUTPUT CURRENT 

Output "H" Level Voltage (I 0UT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (Iour^^mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 14800AJL/AFTL 


UNIT 


NOTE 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




l PRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 


- 


105 


- 


ns 




RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


10,15, 
16 




Access Time from CAS 


- 


20 


- 


20 


ns 


10,15 


l AA 


Access Time from Column Address 


- 


35 


- 


40 


ns 


10,16 


k:PA 


Access Time from CAS Precharge 




40 




45 


- 


10 


k:LZ 


CSS to Output in Low-Z 












ns 


10 


toFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


9 


tRp 


R~A~S Presharge Time 


50 




60 




ns 




tRAS 


R~A~5 Pulse Width 


70 


10,000 


80 


10,000 


ns 




*RASP 


KSS Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,00 



ns 




l RSH 


RSS Hold Time 


20 


- 


20 


- 


ns 




*RHCP 


R~A~5 Hold Time FromTM 
Precharge (Fast Page Mode) 


40 


- 


45 


- 


ns 




k:sH 


CA"S" Hold Time 


70 


- 


80 


- 


ns 




tCAS 


CSS" Pulse Width 


20 


10,000 


20 


10,000 


ns 




l RCD 


KA~5 to CSS Delay Time 


20 


50 


20 


60 


ns 


15 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


16 


feRP 


CSS to ESS Precharge Time 


5 


- 


5 




ns 




*cp 


CSS Precharge Time 


10 


- 


10 


- 


ns 




*ASR 


Row Address Set-Up Time 





- 





- 


ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


15 




15 




ns 




l AR 


Column Address Hold Time 


55 




60 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


12 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


12 


l WCH 


Write Command Hold Time 


15 




15 




ns 




*WCR 


Write Command Hold Time referenced to ESS 


55 




60 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 







TC5 14800AJL/AFTL 






SYMBOL 


PARAMETER 


-70 


-80 


UNIT 


NOTES 






MIN 


MAX 


MIN 


MAX 






*WP 


Write Command Pulse Width 


15 


- 


!5 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


ns 




tcWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


ns 




*DS 


Data Set-Up Time 





- 





- 


ns 


13 


l DHR 


Data Hold Time 


15 


- 


15 


- 


ns 


13 


*OU 


Data Hold Time referenced to RAS 


55 


- 


60 


- 


ns 




l REF 


Refresh Period 




128 




128 


ms 




twcs 


Write Command Set-Up Time 












ns 


14 


tcWD 


CM to WRITE Delay Time 


50 


_ 


50 


_ 


ns 


14 


l RWD 


RAS to WRITE Delay Time 


100 


_ 


110 




ns 


14 


l AWD 


Column Address to WRITE Delay Time 


65 


_ 


70 


_ 


ns 


14 


ta>WD 


CAS Precharge to WRITE Delay Time 


70 




75 




ns 


14 


tcSR 


CM Set-Up Time (CM before KM Cycle) 


5 


_ 


5 


_ 


ns 




tcHR 


CAT? Hold Time (CSS before KM Cycle) 


15 




15 




ns 






RM to CM Precharge Time 












ns 




t„„ 


CM Precharge Time (CM before KM 
Counter Test Cycle) 


40 




40 








l ROH 


RM Hold Time referenced to OE 


10 




10 




ns 




*OEA 


0"E Access Time 




20 





20 


ns 


10 


k)ED 


OE to Data Delay 


20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time from OE 





20 





20 


ns 


11 


*OEH 


OE Command Hold Time 


20 




20 




ns 






Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


c n 


Input Capacitance (A0-A8, A9R) 




5 


pF 


C E 


Input Capacitance (RM, CM, WR1'1'E,TJE)) 




7 


pF 


Co 


Input Capacitance (I/01-I/08) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- kci> !cc3. I cc4> kre depend on cycle rate. 

4 - *cci> !cc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. t^ (max.) = 1 |ims is only applied to to refresh of battery-back up. t^s (max.) = 10u.s is applied to 
functional opration. 

7. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tr=5ns. 

9. V m (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and V^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . topp (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or t^^ must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14. t wcs , t RW D, tcwD» 1 awd m d tcpwD 216 not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t W cs ^%cs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD ^t RWD (min.), 
tcwD^cwD (min.), t AWD >t AWD (min.) and tcpwp^cpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that t^c can be met. t RC D (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the tj^ (max.) limit insures that t^c (max.) can be met. t^Q (max.) is specified as 
a reference point only: If t^j^y is greater than the specified (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (OE CONTROLLED WRITE) 



tRC 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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RSS ONLY REFRESH CYCLE 

. tRC 




NoU: WRITE, OE, D, N »"H' or "L" 
D OUT *OPEN 



<CKS BEFORE K£5 REFRESH CYCLE 



tRC 




Note: D| N , WRITE, OE, A0~A8. A9R* "H* or "L" 
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APPLICATION INFORMATION 



ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC5 14800AJL/AFTL are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tR^) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE stobes data on I/01-I/08 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a 
read cycle the outputs go active after the access time interval t^c and to EA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In an early- write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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K55 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0~A8, A9R) within each 128 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the 
specification. 



CSS BEFORE R5S REFRESH 

CA15~before KAU refreshing available on the TC5 14800AJL/AFTL offers an alternate refresh method. If 
CAS is hold on low for the specified period (tc SR ) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation 
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before 
RAS refresh operation. 



FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514800AJL/AFTL allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is common. This "Fast Page Mode" of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 



HIDDEN REFRESH 

An optional feature of the TC5 14800AJL/AFTL is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at Vjl and taking RAS high and after a specified precharge period (tup), executing a CAS before RAS refresh 
cycle, (see figure below) 



KS5 



CS5 



1/01-1/08 



— OPEN 



MEMORY CYCLE 



\ 



< 



REFRESH CYCLE 



VALID DATA-OUT 



REFRESH CYCLE 



/ 



> 



This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data 
availability. 
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CS5 BEFORE KX5 REFRESH COUNTER TEST 

The internal refresh operation of TC5 1 4800 AJL/AFTL can be tested by "CSS" BEFORE EATS REFRESH 
COUNTER TEST". This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1 . Write "0" into all the memory cells normal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be performing "CAS 
BEFORE RM REFRESH COUNTER TEST (READ-MODIFY- WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check " 1" out of 1024 bits at normal read mode , which was written at 2. 

4. Using the same column as 2., read "1" out and write "0" in each cell performing "CAS BEFORE RAS 
REFRESH COUNTER TEST". Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 
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524,288 WORD X 8 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5 14800AJLL/AFTLL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJLL/AFTLL utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5 14800 AJLL/AFTLL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



524,288 word by 8 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

578mW MAX .Operating 

(TC5 1 4800AJLL/AFTLL-70) 

495mW MAX. Operating 

(TC5 14800AJLL/AFTLL-80) 

l.lmW MAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify-Write, CAT. before KA"5 refresh, 
RAS-only refresh, Hidden refresh, Self Refresh 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/1 28ms 
Package TC514800AJLL : SOJ28-P-400 
TC5 1 4800AFTLL : TSOP28-P-400 



ITEM 


TC5 14800 AJLL/AFTLL 


-70 


-80 


*RAC Access Time 


70ns 


80ns 


t-AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAS Access Tune 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8.A9R 


Address Inputs 


RX5 


Row Address Strobe 


CAS 


Column Address Strobe 


WRITE 


ReadAVrite Input 


DE 


Output Enable 


I/01-I/08 


Data Input/Output 


V C c 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 

Plastic SOJ 



v cc C 
1/01 C 

1/02 C 
1/03 C 
1/04 C 
N.C. L" 
WRITE C 
KA5L" 
A9RC 
AOC 
AlC 
A2C 
A3 L" 
VccC 



28 
27 
26 
25 
24 
23 
22 
21 
20 



10 19 

11 18 

12 17 

13 16 

14 15 



3 V SS 

31/08 

31/07 

Dl/06 

Dl/05 

3CA5 

im 

3 N.C. 

DAS 

DA7 

DA6 

3 AS 

3A4 

3v ss 



Plastic TSOP 
(Normal Bend Type) 



A2I 
A3(E 
VccC 



o 




1 


28 


2 


27 


3 


26 


4 


25 


5 


24 


6 


23 


7 


22 


8 


21 


9 


20 


10 


19 


11 


18 


12 


17 


13 


16 


14 


15 
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BLOCK DIAGRAM 



WRITE o- 



AO o*> 

A1 O*- 
A2 O*- 

A3 a*- 
A4 a*- 

A5 O** 
A6 O*- 
A7 O*- 
A8 0+- 



V CC v ss 

? ? 



N0.2 CLOCK 
GENERATOR 



A. 



COLUMN 
ADDRESS 
BUFFERS (9) 



REFRESH 
TIMER 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



A9R O 



ROW 
ADDRESS 
BUFFERS (10) 



± 



1/02 
1/01 9 1/03 

ill 




1/04 
O 



1/06 1/08 

o o 

1/05 a 1/07 



ill 



DATA IN 
BUFFERS 







3 



_ . N0.1 CLOCK H 
RAS °~ > GENERATOR 



ROW 
> E COD E R 




1024 


a 





DATA OUT 
BUFFERS 

8 



COLUMN 
DECODER 



SENCE AMP 
I/O GATE 



•512x8 



MEMORY 
ARRAY 
1024x512x8 



SUBSTRATE BIAS 
GENERATOR 



OT 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


^SOLDER 


260*10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


i 

OUT 


50 


mA 
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RECOMMENDED D.C OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 

(A0-A8, A9R, R"S5, CSS, WRITE, DE) 


-1.0*1 




0.8 


V 


2 


VlL 


Input LowVbltage (I/01-I/08) 


-0.5*2 




0.8 


V 


2 



*1 -2.5V at pulse width £ 20ns 
*2 -2.0V at pulse width £ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN) 


TC5 14800AJLL/AFTL-70 




105 


mA 


3,4 
5 


TC5 14800AJLL/AFTL-80 




90 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KAS=CA5=V IH ) 




2 


mA 




I 

CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(KA"5 Cycling, CS5=V ffl : t RC =t RC MIN.) 


TC5 14800AJLL/AFTL-70 




105 


mA 


3,5 


TC514800AJLL/AFTL-80 




90 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RATS =V IL ,TSS, Address Cycling: t PC =t PC MIN.) 


TC5 14800 AJLL/AFTL-70 


- 


75 


mA 


3,4 
5 


TC514800AJLL/AFTL-80 




65 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CXS=V CC -0.2V) 




200 


UA 




I 

CC6 


CAS" BEFORE"KA"5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS", CAS, Cycling: t RC =t RC MIN.) 


TC5 14800AJLL/AFTL-70 




105 


mA 


3 


TC5 14800AJLL/AFTL-80 




90 


k;c7 


BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 
(KA"5=CA5 Before EES" Cycling or 0.2V, DE=V CC -0.2V or 0.2V 
WRITE =V CC -0.2V or 0.2V, A0-A8, A9R=V CC -0.2V or 0.2V, 
I/O~I/O8=Vcc-0.2V, 0.2V or OPEN:t RC = 125ns, ^5=^ MIN. ~lus) 




300 


ha 


3,6 


!ccs 


SELF REFRESH CURRENT 
Average Power Supply Current, Self Refresh Mode 
(KA~5=CA5=V IL , WR1TE=V CC -0.2V or 0.2V, DE=V CC -0.2V or 0.2V 
A0~8=V CC -0.2V or 0.2V, I/Ol~8=V cc -0.2V, 0.2V or OPEN 




200 


UA 






INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^VrN^O SV, All Other Pins Not Under Test=OV) 


-10 


10 


UA 




! 0(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, (OV^V oux <5.5V), 


-10 


10 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (l OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (louT=4-2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITION! 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



SYMBOL 


PARAMETER 


TC5 1 4800AJLL/AFTLL 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


100 


- 


105 


- 


ns 




l RAC 


Access Time from RAS 




70 




80 


ns 


10,15,16 


tcAC 


Access Time from CAS 




20 




20 


ns 


10,15 


l AA 


Access Time from Column Address 


- 


35 


- 


40 


ns 


10,16 


tcPA 


Access Time from CAS Precharge 


- 


40 


- 


45 




10 


kxz 


CA"S" to Output in Low-Z 





- 





- 


ns 


10 


k)FF 


Output Buffer Turn-off Delay 





20 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


9 


*RP 


RAS" Presharge Time 


50 


- 


60 


- 


ns 




l RAS 


KS5 Pulse Width 


70 


10,000 


80 


10,000 


ns 




l RASP 


KX3 Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




*RSH 


R"A"S~ Hold Time 


20 


- 


20 


- 


ns 




^RHCP 


KM Hold Time FromTJM 
Precharge (Fast Page Mode) 


40 


- 


45 


- 


ns 




tcSH 


CAS Hold Time 


70 




80 




ns 




klAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


ns 




l RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


ns 


15 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


16 


k:RP 


CAS to KS5 Precharge Time 


5 




5 


- 


ns 




kp 


CA"S" Precharge Time 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 












ns 




*RAH 


Row Address Hold Time 


10 


- 


10 


- 


ns 




Use 


Column Address Set-Up Time 













ns 




*CAH 


Column Address Hold Time 


15 




15 




ns 




tAR 


Column Address Hold Time referenced to 
KA5 


55 




60 




ns 




*RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




*RCH 


Read Command Hold Time 












ns 


12 


*RRH 


Read Command Hold Time referenced to 
K£5 












ns 


12 


l WCH 


Write Command Hold Time 


15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 14400AJLL/AFTLL 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


l WCR 


Write Command Hold Time refer- 
enced RAS 


55 


_ 


60 


_ 


ns 






Write Command Pulse Width 


15 


- 


15 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


ns 




tcWL 


Write Command to CAS Lead Time 


20 




20 




ns 




*ds 


Data Set-Up Time 





- 





- 


ns 


13 


l DH 


Data Hold Time 


15 




15 




ns 


13 


l DHR 


Data Hold Time referenced to RAS 


55 


- 


60 


- 


ns 




^REF 


Refresh Period 




128 




128 


ms 




hfCS 


Write Command Set-Up Time 












ns 


14 


*CWD 


CAS to WRITE Delay Time 


50 


- 


50 


- 


ns 


14 


l RWD 


RAS to WRITE Delay lime 


100 




110 




ns 


14 


^AWD 


Column Address to WRITE Delay 
Time 


65 




70 


- 


ns 


14 


tcPWD 


CAS Precharge to WRITE Delay 
Time 


/u 




IJ 




ns 


14 


tf;SR 


CSS Set-up Time 
(CAS before RAS Cycle) 


5 




5 




ns 




'CHR 


CSS Hold Time 
(CSS before RAS Cycle) 


15 




15 




ns 




l RPC 


RSS to CSS Precharge Time 





■ 







ns 




*CPT 


CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle 


40 


- 


40 


- 


ns 




tROH 


RSS Hold Time referenced to DE 


10 


- 


10 


■ 


ns 




k)EA 


OE Access Time 




20 




20 


ns 


10 


*OED 


DE to Data Delay 


20 




20 




ns 




k)EZ 


Output buffer turn off Delay Time 
fromOE 





20 





20 


ns 


11 


*OEH 


OE Command Hold Time 


20 




20 




ns 






Output Disable Set-Up Time 












ns 




*RASS 


RSS Pulse Width (CSS before RSS 
Self Refresh) 


100 




100 








l RPS 


RSS Precharge Time (CSS before 
RSS Self Refresh) 


130 




150 




ns 




k:Hs 


CSS Hold time (CSS before RSS 
Self Refresh) 


-50 




-60 




ns 
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CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0-A8, A9R) 




5 


pF 


Cl2 


Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (I/01-I/08) 




7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 



2. All voltages are referenced to V ss . 

3- Icci» !cc3. !cc4. Icce depend on cycle rate. 

4. Ic C1 , Ic C4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while KAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6- tR A s( max -)=l|is is only applied to refresh of battery-back up. t RAS (max.)=10jis is applied to functional 
operating. 

7. An initial pause of 200us is required after pwoer-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead 8 RAS only refresh cycles are required. 

8. AC measurements assume tf=5ns. 

9. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or t^m must be satisfied for a read cycle. 

1 3 . These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14- twcS' l RWD' tcwD- Uwd m ^ *cpwd 316 not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t W cs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >tRWD (min.), 
t CWD >t CWD (min.), t AWD >t AWD (min.) and tcpwp^pwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the (max.) limit insures that t^c (max.) can be met. tj^jj (max.) is specified as 
a reference point only: If tj^jy is greater than the specified t^p (max.) limit, then access time is 
controlled by t^. 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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R55 ONLY REFRESH CYCLE 



KAS 



OK 



V,H — 



V|H — 



tRC 



tRAH 



A0-A8. V| H — ^ 
A9R 



y 



tRP 



\ 



tRPC 

~X7 




Nott: WRITE, OE, D, N «"H" or "L* 
Dqut-OPEN 



: "H" or "L" 



CSS BEFORE KS5 REFRESH CYCLE 




Not«: D| N . WRITE, OE, A0-A8. A9R = "H" or "L" 
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CSS BEFORE KX5 SELF REFRESH CYCLE 
-Jne - tRASS 



ws 



W \ 



as 



Vw — 
Vil — . 




tCSR 



4" 



jCHS. 



1/01- Voh — ~ 

1/08 v<*-- 



> 



OPEN 



Nott: D| N> WRITE, OT, A0-A8, A9R«"H* or "L" 



"H" or "L" 



HIDDEN REFRESH CYCLE (READ) 



A0~A8 




WRITE 



VOi V 0H — 
-1/08 



Note: D| N = OPEN 
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CSS BEFORE R5S REFRESH COUNTER TEST CYCLE 
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2,097,152 WORD X 8 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5117800A series is the new generation dynamic RAM organized 2,097,152 word by 8 bit. The 
TC5117800A series utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5117800A to be packaged in 28 pin plastic SOJ, and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



2,097,152 word by 8 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

633mW MAX .Operating 
(60ns Version) 

523mWMAX. Operating 
(70ns Version) 

440mW MAX. Operating 
(80ns Version) 

5.5mWMAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read-Modify- Write, C£5 before KAU refresh, 

RAS-only refresh, Hidden refresh, Fast Page 

Mode and Test Mode capability 

All inputs and outputs TTL compatible 

2048 refresh cycles/32ms 

Package 

TC5 1 1 7800ANJ : SOJ28-P-400C 
TC511780OANT : TSOP28-P-400 



ITEM 


TC5117800ANJ/ANT 


-60 


-70 


-80 


*RAC KSC Access Time 


60ns 


70ns 


80ns 


*AA Column Address 
Access Time 


30ns 


35ns 


40ns 


k:AC CAS Access rime 


15ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 


50ns 
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PIN NAME 



A0-A10 


Address Inputs 


KX5 


Row Address Strobe 


CAS 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-/I08 


Data Input/Output 


V CC 


Power (+ 5V) 


v ss 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



TC5 1 1 7800ANJ TC5 1 1 7800ANT 



VccC 


1 


28 


D v ss 


v cc C 


1 


28 


ZWss 


i/oi C 


2 


27 


] 1/08 


1/01 LZ 


2 


27 


Z3V08 


1/02 £ 




26 


2 1/07 


1/02 CZ 


3 


26 


Z3l/07 


1/03 C 


4 




3 1/06 


1/03 LZ 


4 


25 


□ l/06 


1/04 £ 




24 


] 1/05 


1/04 C 


5 


24 


Z3l/05 


WRITE Q 


6 






WRITE C 


6 


23 


□ TO 


KaT^ 




22 




EaTLZ 


7 


22 


Z3se 


N.C.£ 


8 


21 




N.C C 


8 


21 


Z3A9 


A10R([ 


9 


20 


>8 


aiorC 


9 


20 


□ A8 


AOC 


10 


19 


>* 


aoLZ 


10 


19 


13 A7 


AlC 


11 


18 


DA6 


Aid 


11 


18 


□ A6 


A2C 


12 


17 


DA5 


A2C 


12 


17 


ZIas 


A3C 


13 


15 


]A4 


A3 C 


13 


16 


ZJ A4 


VccC 


14 


16 


>SS 


v cc C 


14 


15 
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BLOCK DIAGRAM 



VOLTAGE DOWN 
CONVERTER 



WRITE O- 



N0.2 CLOCK 
GENERATOR 



AO 


o+- 


A1 




A2 


O*- 


A3 


O** 


A4 


&+- 


A5 


O*- 


A6 




A7 




A8 




A9 




A10RO— 



± 



COLUMN 
AOORESS 
BUFFERS (10) 



11 



REFRESH 
CONTROLLER 

t 



REFRESH 
COUNTER (11) 



^TjS ADDRESS 
U A BUFFERS (11) 



*A5 



JL 



NO.1 CLOCK 
GENERATOR 



1/02 1/04 1/06 1/08 
1/01 ? 1/03 ? 1/05 ? 1/07 ° 

ilflTh 



DATA IN 
BUFFERS 



3i 



1 



DATA OUT 
BUFFERS 



7^ 

8 



3 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



oo 

ecu 



2048 



•1024x8 



MEMORY 
ARRAY 
2048x1024x8 



SUBSTRATE BIAS 
GENERATOR 



V C C 
01 



Vcc 
v S s 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V cc + 0.5 


V 




Output Voltage 


VoUT 


— 0.5~V CC + 0.5 


V 




Power Supply Voltage 


V C c 


— 0.5-7.0 


V 




Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-150 


°C 




Soldering Temperature • Time 


^SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


900 


mW 




Short Circuit Output Current 


i 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°Q) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




Vcc+0.5* 


V 


2 


Vil 


Input Low Voltage 


—0.5** 




0.8 


V 


2 



* Vcc + 2-OV at pulse width £20ns. (pulse width is measured at Vcc) 
**-2.0V at pulse width <20ns. (pulse width is measured at OV) 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(HAS, CSS, Address Cycling: t RC =t RC MIN.) 


-60 




115 


mA 


3,4 
5 


-70 




95 


-80 


• 


80 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(ES5=CSS=V IH ) 




2 


mA 






KM ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(HAS Cycling,"CX5=Vj H : tRc=tRC MIN.) 


-60 


■ 


115 


mA 


3,5 


-70 




95 


-80 




80 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS =Vil,TXS, Address Cycling: t PC =t PC MIN.) 


-60 




75 


mA 


3,4 
5 


-70 




65 


-80 




55 


*CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=C£S=V CC -0.2V) 




1 


mA 




I 

CC6 


CAS BEFORE~R~A"S REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t RC =t RC MIN.) 


-60 




115 


mA 


3,5 


-70 




95 


-80 




80 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV<V m ^0.5V, All Other Pins Not Under Test=OV) 


-10 


10 


uA 




*0 (L) 


OUTPUT LEAKAGE CURRENT 
(D ut is disabled, (OV<V tjt^5.5V), 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (l uT=-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (louT=4-2rnA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


CHARACTERISTIC 


TC5 1 1 7 800 AJ/ANJ/ AZ/ ANZ/AFT/ ANT/ ATR/ ANR 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


^WP 


Write Command Pulse Width 


10 




15 




15 




ns 




^RWL 


Write Command to RAS Lead Time 


15 




20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


15 


- 


20 


- 


20 


- 


ns 




*DS 


Data oet-up time 

















ns 




l DH 


Data Hold Time 


10 




15 




15 




ns 


12 


l REF 


Refresh Period 




32 




32 




32 


ms 




l WCS 


Write Command Set-Up Time 

















ns 


13 




CAS to WRITE Delay Time 


40 




45 




45 




ns 


13 


^RWD 


RAS to WRITE Delay lime 


85 


- 


95 


- 


105 


- 


ns 


13 


l AWD 


Column Address to WRITE Delay 
Time 


55 




60 




65 




ns 


13 


tcPWD 


CAS Precharge to WRITE Delay 
Time 


60 


- 


65 


- 


70 


- 


ns 


13 


k:sR 


CM Set-up Time 
(CM before KM Cycle) 


5 




5 




5 




ns 




*CHR 


CM Hold Time 
(CSS" before KM Cycle) 


10 


- 


15 


- 


15 


- 


ns 




l RPC 


KM to CM Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




tcPT 


CAS Precharge Time 

(CM before KM Counter Test 

Cycle) 


20 




30 




30 




ns 




tROH 


RM Hold Time referenced to DE 


10 




10 




10 




ns 




k)EA 


DE Access Time 




15 




20 




20 


ns 




k>ED 


DE to Data Delay 


15 




15 




15 




ns 




k>EZ 


Output buffer turn off Delay Time 
fromDE 





15 





15 





15 


ns 


10 


k>EH 


DE Command Hold Time 


15 




15 




15 




ns 




*ODS 


Output Disable Set-up Time 

















ns 




l WTS 


Write Command Set-up Time 
(Test Mode In) 


10 




10 




10 




ns 




twTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CM before RM Cycle) 


10 




10 




10 




ns 




*WRH 


Write to"RM Hold Time 
(CM before RMCycle) 


10 




10 




10 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC5 1 1 7 800 AJ/ANJ/A27 ANZ/AFT/ANT/ATR/ANR 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


115 




135 




155 




ns 






Fast Page Mode Cycle Time 


45 




50 




55 




ns 




^RAC 


Access Time from RAS 




65 




75 




85 


ns 


9, 14, 15 


^CAC 


Access Time from CAS 




20 




25 




25 


ns 


9, 14 


^AA 


Access Time from Column Address 


- 


35 


- 


40 


- 


45 


ns 


9, 15 


^CPA 


Access Time from CAS Precharge 












Ju 


ns 


9 


l RAS 


E55 Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




l RASP 


RAS Pulse Width (Fast Page 
Mode) 


65 


200,000 


75 


200.000 


85 


200,000 


ns 




^RSH 


KA"S" Hold Time 


20 




25 




25 




ns 




k;sH 


CAT* Hold Time 


65 




75 




85 




ns 




tRHCP 


CSS" Precharge to RAT? Hold Time 


40 




45 




50 




ns 




tcAS 


CSS* Pulse Width 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




45 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


c„ 


Input Capacitance (A0~A10) 




5 


pF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (1/01-1/08) 




7 


pF 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 1 1 7800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 




130 




150 




ns 




'rmw 


Read-Modify- Write Cycle 


155 




180 




200 




ns 




^PC 


Fast Page Mode Cycle Time 


40 




45 




50 




ns 




*PRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


85 




95 




100 




ns 




l RAC 


Access Time from RAS 


_ 


60 




70 


_ 


80 


ns 


9,14,15 


k:AC 


Access Time from CAS 




15 




20 


_ 


20 


ns 


9,14 


l AA 


Access Time from Column Address 


- 


30 


- 


35 


- 


40 


ns 


9,15 


k:PA 


Access Time from CAS Precharge 




35 




40 




45 


ns 


9 


k:iz 


CSS to Output in Low-Z 


o 




o 




o 




ns 


9 


^OFF 


Output Buffer Turn-off Delay 


o 


15 





15 


o 


15 


ns 


10 


l l 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


^RP 


rAS Precharge Time 


40 




50 




60i 




ns 




^RAS 


R"A"5 Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




*RASP 


ESS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




*RSH 


RAS Hold Time 


15 




20 




20 




ns 




*RHCP 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


35 




40 




45 




ns 




*CSH 


CSS Hold Time 


60 




70 




80 




ns 




^CAS 


CSS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


ns 




^RCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay 
Time 


15 


30 


15 


35 


15 


40 


ns 


15 


*CRP 


CSS to ESS Precharge Time 


5 


- 


5 




5 


- 


ns 




tcp 


CSS Precharge Time 


10 




10 




10 




ns 




USR 


Row Address Set-Up Time 

















ns 




^RAH 


Row Address Hold Time ^/ 


' 10 




10 




10 




ns 




^ASC 


Column Address Set-Up Time 

















ns 




tCAH 


Column Address Hold Time 


10 




15 




15 




ns 




l RAL 


Column Address to RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 




Write Command Hold Time 


10 




15 




15 




ns 





TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



A-253 



TC5117800ANJ/ANT -60/70/80 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Jcci . !cc3' !cc4' Icce depend on cycle rate. 

4- Icci' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while KAS=V IL . In case of Iq CA , it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

11. Either t RCH or tmm must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

1 3 . twcs» tRWD' tcwD- *awd ^d tcpwo are n °t restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the data 
out pin will remain open circuit (high impedance) through the entire cycle; If t RWD £t RWD (min.), 
tcwD^cwD (min.), t AWD >t AWD (min.) and tcpwp^cPWD (min.) (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that tj^c can be met t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the (max.) limit insures that tj^c (max.) can be met. (max.) is specified as 
a reference point only: If is greater than the specified (max.) limit, then access time is 
controlled by t^. 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 

last. 
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CS5 BEFORE RSS REFRESH CYCLE 



tRC 




Note: Din, OE, A0-A9, AIOFU'H* or "L* 
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WRITE, CSS BEFORE R55 REFRESH CYCLE 

tRC 




-I/OS 



Nott: Din. OE. A0~A9,A10R»"H' or "I' 



: "H* or -L" 



READ CYCLE IN THE TEST MODE 



A0-A8 



A9.A10R 




WRITE 



1/01 V H — 
-1/07 Vou — 



1/08 



A-266 



Nott : OE="L" , Din = OPEN 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 



VlL 



V)H 



fey 



A0-A8 



A9.A10R 




WRITE 



1/01 V H 

-1/07 

Vol 



1/08 



Nott : 0T="L", D| N =0PEN 



: "H" or "L* 
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 



V.H— " 

Vm. 



-F 

Vll — J 



A0~A8 



A9.A10R 



to » . tCT , *«H ^ j|W 




WRITE 



Not* : l/02~l/08«"H'or "I" , D ut=OPEN 



"H* or "L* 



TOSHIBA AMERICA ELECTRONIC COMPONPMTS IMP 



A ocn 



TC5117800ANJ/ANT -60/70/80 



TEST MODE 

The TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR is the RAM organized 2,097,152 words by8 
bits; it is internally organized 1,048,576 words by 16 bits. In 'Test Mode", data are written into 16 sectors in 
parallel by using only 1/01. A9C is not used. If, upon reading, 16 bits are equal (all "l"s or "0"s), the 1/08 pin 
indicates a "1". 

If they were not equal, the 1/08 pin would indicate a "0". Other I/O pins (I/01-I/07) always indicate a "1" 
during test mode read cycle. Fig. 1 shows the block diagram of TC51 17800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ 
ANR. In 'Test Mode", the 2MX8 DRAM can be tested as if it were a 1MX16 DRAM. 

"WRTTE, CATS Before KXS" Refresh Cycle" puts the device into 'Test Mode". And "CX5 Before R"A"5 
Refresh Cycle" or ESS" Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh address counter. The 
'Test Mode" function reduces test times (1/2 in case of N test pattern). 



BLOCK DIAGRAM IN THE TEST MODE 



. Normal A*-r — 3 im block 

1 I o~ ^"g 



— 3 block r 



, , Normal**;— J] 



I Wt I— — o^.^-Q _ 

Jj 



. Norm«l A9 5s — 3 im block 

Tl o^o-p 




Figure 1 
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524,288 WORD X 9 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514900AJ/AFT is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514900AJ/AFT to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



524,288 word by 9 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% with a built- 
in V BB generator 
Low Power 

633mW MAX .Operating 

(TC514900AJ/AFT-70) 

550mW MAX. Operating 

(TC514900AJ/AFT-80) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify-Write, CA"S" before R"A"S" refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/1 6ms 

Package TC514900AJ : SOJ28-P-400 
TC514900AFT : TSOP28-P-400 



ITEM 


TC514900AJ/ 
AFT 


-70 


-80 


*RAC Access Time 


70ns 


80ns 


*AA Column Address 
Access Time 


35ns 


40ns 


*CAC CA"5 Access Time 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8.A9R 


Address Inputs 


KX5 


Row Address Strobe 


CSS" 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/Ql-I/09 


Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ Plastic TSOP 

(Normal Bend Type) 







\ 






o 






v cc C 


1 


28 




v cc a: 


1 


28 




i/Oi C 


2 


27 


Dl/09 


1/01 a: 


2 


27 


Dl/09 


1/02 C 


3 


26 


31/08 


I/02E 


3 


26 


11/08 


1/03 C 


4 


25 


31/07 


I/03C 


4 


25 


31/07 


1/04 C 


5 


24 


3I/06 


I/04C 


5 


24 


31/06 


1/05 C 


6 


23 


Dca5 


I/05CC 


6 


23 


ID CAS 


WHITE C 


7 


22 


DOT 


WRITHE 


7 


22 


HOT 


*A5C 


8 


21 


3 N.C 


RASE 


8 


21 


31 N.C. 


A9RC 


9 


20 


3A8 


A9RC 


9 


20 


I A8 


AOC 


10 


19 


:a7 


aoo: 


10 


19 


31 A7 


AlC 


11 


18 


3A6 


All 


11 


18 


3]A6 


A2C 


12 


17 


3A5 


A20E 


12 


17 


31 A5 


A3C 


13 


16 


3A4 


A3tr 


13 


16 


31 A4 


VccC 


14 


15 


3v ss 


VcctE 


14 


15 


31 v ss 






I 
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BLOCK DIAGRAM 



WRITE o- 




1/02 1/04 1/06 1/08 
l/OI 9 1/03 ? 1/05 ? 1/07 A 1/09 



I 

v C c v ss J9£ 



nil? 



N0.2 CLOCK 
GENERATOR 



COLUMN 
ADDRESS 
BUFFERS (9) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



A9R O 



ROW 
ADDRESS 
BUFFERS (10) 



ras"o-* 



N0.1 CLOCK 
GENERATOR 



DATA IN 
BUFFERS 



I 



1 



DATA OUT 
BUFFERS 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



oo 

ecu 
ui 
Q 



1024 



MEMORY 
ARRAY 
1024x512x9 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


TsTG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 





TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-273 



TC514900AJ/AFT-70/80 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6..5 


V 


2 


VlL 


Input Low Voltage 

(A0~A8,A9, RSS, CX5, WRITE, DE) 


-1.0*1 




0.8 


V 


2 


Vil 


Input Low Voltage (170-1709) 


-0.5*2 




0.8 


V 


2 



*1 -2.5V at pulse width < 20ns 
*2 -2.0V at pulse width < 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(R~£S, CSS, Address Cycling: t RC =t RC MIN.) 


TC514900AJ/AFT-70 




115 


mA 


3,4 
5 


TC514900AJ/AFT-80 


- 


100 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(K£5=C£S=V IH ) 




2 


mA 




!cc3 


K£5 ONLY REFRESH CURRENT Average 
Power Supply Current, 555 Only Mode 
(K55 Cycling, C7\5=V IH : t RC =t R c MIN.) 


TC514900AJ/AFT-70 




115 


mA 


3,5 


TC514900AJ/AFT-80 




100 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(EES =V IL , CXS.Address Cyclingitp^tpcMIN.) 


TC514900AJ/AFT-70 




80 


mA 


3,4 
5 


TC514900AJ/AFT-80 




70 


! CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(K£5=CX5=V CC -0.2V) 




1 


mA 




I 

CC6 


CSS BEFORE"KATS REFRESH CURRENT 


TC514900AJ/AFT-70 




115 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (ESS, CSS.Cycling: t RC =tpc MIN.) 


TC514900AJ/AFT-80 




100 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^Vr^SV, All Other Pins Not Under Test=0V) 


-10 


10 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT <5.5V) 


-10 


10 


UA 




VOH 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 14400ASJL/AFTL/ATRL 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 


- 


105 


- 


ns 




l RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


9,14,15 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


*AA 


Access Time from Column Address 




35 




40 


ns 


9,15 


k:PA 


Access Time from CAS Precharge 


_ 


40 


_ 


45 




9 


tcLZ 


CM to Output in Low-Z 





_ 





_ 


ns 


9 


kjFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


50 


_ 


60 


_ 


ns 




l RAS 


KM Pulse Width 


70 


10,000 


80 


10,000 


ns 




l RASP 


KM Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




*RSH 


KM Hold Time 


20 




20 




ns 




tRHCP 


KA"5 Hold Time From"CA"S" 
Precharge (Fast Page Mode) 


40 




45 




ns 




tcSH 


CSS Hold Time 


70 


- 


80 


- 


ns 




k:AS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




l RCD 


RA"S" to CA"S" Delay Time 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 




CA"5 to KM Precharge Time 


5 


- 


5 




ns 




*cp 


CM Precharge Time 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 





- 





- 


ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


15 




15 




ns 




l AR 


Column Address Hold Time 


55 




60 




ns 




*RAL 


Column Address To KM Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


twCH 


Write Command Hold Time 


15 




15 




ns 




*WCR 


Write Command Hold Time referenced to KM 


55 




60 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC514273BJ 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


%p 


Write Command Pulse Width 


15 


_ 


15 


_ 


ns 




l RWL 


Write Command to RAS Lead Time 


20 




20 


_ 


ns 




k:WL 


Write Command to CAS Lead Time 


20 


_ 


20 


_ 


ns 




*DS 


Data Set-Up Time 





_ 





_ 


ns 


12 


*DH 


Data Hold Time 


15 




15 


_ 


ns 


12 


tDHR 


Data Hold Time referenced to RAS 


55 


_ 


60 


_ 


ns 




l REF 


Refresh Period 




16 




16 


ms 




*wcs 


Write Command Set-Up Time 


o 




o 




ns 


15 


tcWD 


CAS to WRITE Delay lime 


50 




50 




ns 


15 


^RWD 


RAS to WRITE Delay Time 


100 




110 




ns 


15 


^AWD 


Column Address to WRITE Delay l ime 


65 




70 




ns 


15 


^CPWD 


CAS Precharge to WRITE Delay Time 


70 




75 




ns 


15 


^CSR 


CSS Set-Up Time (CAS before KA~5 Cycle) 


5 




5 




ns 




^CHR 


CSS" Hold Time (CSS" before KA"S" Cycle) 


15 




15 




ns 




^RPC 


RAS to CAS Precharge Time 












ns 




tcPT 


CAS Precharge Time (CM before RA"5 
Counter Test Cycle) 


40 




40 




ns 




tROH 


KA"S" Hold Time referenced to OE 


10 




10 




ns 




kfEA 


OE Access Time 




20 





20 


ns 


9 


toED 


DE to Data Delay 


20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time from OE 





20 





20 


ns 


10 


k)EH 


DE Command Hold Time 


20 




20 




ns 




k>i>s 


Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


c„ 


Input Capacitance (A0-A8, A9R) 




5 


pF 




Input Capacitance (RAS", CM, WRTTE,T3E)) 




7 


pF 


Co 


Input Capacitance (I/01-I/09) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci> !cc3' !cc4. Icc6 depend on cycle rate. 

4. 1q CI , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tj=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and toEz (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or t^^ must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13- twcs' *RWD' tcwD' *awd k:pwD w& not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD-^WD (min.), t AWD >t AWD (min.) and tcpwp^cpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^D (max.) limit insures that t^c (max.) can be met. tj^u (max.) is specified as 
a reference point only: If t^p is greater than the specified tj^o (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (EARLY WRITE) 



tRC 
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FAST PAGE MODE READ CYCLE 



v IH 



OB 



A0-A8 



A9R 



WRITE 



V IH 



JCRP 



tRP 



tAR 



*RCD 



X 



tpc 



tRHCP 



t C A5 t C AS 



tRSH 



tCRP 




l/Ot V H 

-1/09 



Note : Din = OPEN 



"H* or "L" 
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FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




1/01- 
1/09 



: "H" or "L* 
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CSS BEFORE KS5 REFRESH CYCLE 




1/01 ~ V 0H - 

V09 v 0L - 



> 



OPEN 



Note: D, N , WRITE. OF, A0-A8, A9R= "H" or "L" 



"H" or "L* 
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HIDDEN REFRESH CYCLE (READ) 
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C5S BEFORETR55 REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 



ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJ/AFT are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (t^n) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

Data Inputs 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE stobes data on I/01-I/09 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data- 
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a 
read cycle the outputs go active after the access time interval and to EA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In an early- write cycle, the output are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS and DE 
can control the outputs. Thus in read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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KS5 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (A0-A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the 
specification. 



CSS BEFORE KX5 REFRESH 

CATbefore HAS" refreshing available on the TC5 14900AJ/AFT offers an alternate refresh method. If CATS 
is hold on low for the specified period (l^r) before RAS goes to low, on chip refresh control clock generations 
and the refresh address counter are enabled, and an internal refresh control clock generations and the refresh 
address counter are enabled, and an internal refresh operation takes place. After the refresh opeation is 
performed, the refresh address counter is automatically incremented in preparation for the next CAS before RAS 
refresh operation. 



FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514900AJ/AFT allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is common. This "Fast page Mode" of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new address is eliminated, thereby decreasing the access and cycle times. 



HIDDEN REFRESH 

An optional feature of the TC514900AJ/AFT is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at V IL and taking RAS high and after a specified precharge period (tRp), executing a CAS before RAS refresh 
cycle, (see figure below) 



US 



1/01-1/09 — OPEN 



\ / \ r^s / 



MEMORY CYCLE 



\ 



< 



REFRESH CYCLE 



VALID DATA-OUT 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "Hidden" -among data cycles without affecting the data 
availability. 
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€53 BEFORE K£5 REFRESH COUNTER TEST 

The internal refresh operation of TC514900AJ/AFT can be tested by "CA"5 BEFORE KX5 REFRESH 
COUNTER TEST'. This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1. Write "0" into all the memory cells normal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be performing "CAS 
BEFORE KM REFRESH COUNTER TEST (READ-MODIFY- WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check "1" out of 1024 bits at normal read mode , which was written at 2. 

4. Using the same column as 2., read "1" out and write "0" in each cell performing "CAS BEFORE RAS 
REFRESH COUNTER TEST". Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 
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524,288 WORD X 9 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514900AJL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJL utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514900AJL to be packaged in a standard 28 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V+ 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 



FEATURES 

• 524,288 word by 9 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
in V BB generator 

• Low Power 

633mW MAX .Operating 
(TC514900AJL-70) 
550mW MAX. Operating 
(TC514900AJL-80) 
l.lmWMAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

• Read -Modify-Write, CAS" before KAU refresh, 
RAS-only refresh, Hidden refresh and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC514900AJL : SOJ28-P-400 



KEY PARAMETERS 



ITEM 


TC514900AJL 


-70 


-80 


*RAC 


Access Time 


70ns 


80ns 


l AA 


Column Address Access Time 


35ns 


40ns 


*CAC 


CAS Access Time 


20ns 


20ns 




Cycle Time 


130ns 


150ns 


tpc 


Fast Page Mode Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8 


Address Inputs 


A9R 




RM 


Row Address Strobe 


CSS" 


Column Address Strobe 


WRITE 


Read/Write Input 


DE- 


Output Enable 


I/0 1-1/09 


Data Input/Output 


V C c 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



VccC 
1/01 C 
1/02 C 
1/03 L" 
1/04 C 
1/05 C 
WRiTEC 
RA5C 
A9RC 
AOC 
A1C 
A2C 
A3 L" 

v CC C 
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BLOCK DIAGRAM 



WRITE O- 




1/01 



1/02 
o 



v C c v ss 

? ? 



51 



1/04 1/06 1/08 
1/03 A 1/05 A 1/07 A 1/09 



?it nun 



COLUMN 
ADDRESS 
BUFFERS (9) 



REFRESH 
CONTROLLER 



A9R O 



BUFFERS (10) 



RAS O-*- 



± 



N0.1 CLOCK 
GENERATOR 



DATA IN 
BUFFERS 



N0.2 CLOCK 
GENERATOR C 



Hi 



DATA OUT 
BUFFERS 





REFRESH 


k 


COUNTER (10) 






ROW 







COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



3> 



oo 

ecu 



1024 



•512x9- 



MEMORY 
ARRAY 
1024x512x9 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



O V7TL /m /~\T 

SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


ViH 


Input High Voltage 


2.4 




6.5 


V 


2 


Vjl 


Input Low Voltage 
(A0-A8, A9R, K£5, CAT?, 
WRITE, DE 


-1.0*1 




0.8 


V 


2 


Vil 


Input Low Voltage (1/01-1/09) 


-0.5*2 




0.8 


V 


2 



*1-2.5V at pulse width < 20ns 
*2-2.0V at pulse width £ 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CSS, Address Cycling: t RC =t RC MIN.) 


TC514900AJL-70 




115 


rriA 


3,4 
5 


TC514900AJL-80 


- 


100 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CSS=V IH ) 




2 


mA 




Icc3 


RSS ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(RSS Cycling, CSS=V IH : t RC =t RC MIN.) 


TC514900AJL-70 




115 


mA 


3,5 


TC514900AJL-80 


- 


100 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(ESS" =Vjl,"CATJ, Address CyclingUpc^pc MIN.) 


TC514900AJL-70 




80 


mA 


3,4 
5 


TC514900AJL-80 


- 


70 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RSS=CSS=V CC -0.2V) 




200 


uA 




I 

CC6 


CSS BEFORE"RS5 REFRESH CURRENT 


TC514900AJL-70 




115 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CSS, Cycling: t RC =t RC MIN.) 


TC514900AJL-80 




100 


I 

CC7 


BATTERY BACK UP CURRENT 

Average Power Supply Current, Battery back up 

Mode (CSS = CSS Before RAS Cycling or 0.2V, 

DE = V cc -0.2V or 0.2V, WRITE = V CC -0.2V or 

0.2V, A0-A9 = V cc -0.2V or 0.2V, 1/01- 9 = 

V CC -02V, 0.2V or OPEN : t RC =125u5, Iras = 

IrasMIN-1^5) 


TC514900AJL-70 




300 




3,6 


TC514900AJL-80 














I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^VrN < 6.5V, All Other Pins Not Under Test=0V) 


-10 


10 


uA 




W) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V 0UT < 5.5V) 


-10 


10 


IXA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



SYMBOL 


PARAMETER 


TC514900AJL 


UNIT 


NOTE 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 




150 




ns 




*RMW 


Read-Modify- Write Cycle Time 


185 




205 




ns 




tpC 


Fast Page Mode Cycle Time 


45 




50 




ns 




l PRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


100 




105 




ns 




^RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


10, 
15,16 


*CAC 


Access Time from CAS 




20 




20 


ns 


10, 15 


l AA 


Access Time from Column Address 




35 




40 


ns 


10, 16 


tcPA 


Access Time from CAS Precharge 


- 


40 


- 


45 




10 


kxz 


CAS to output in Low-Z 





- 





- 


ns 


10 


k>FF 


Output Buffer Turn-off Delay 





20 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


9 


l RP 


RAS Precharge Time 


50 


- 


60 


- 


ns 




l RAS 


KA~5 Pulse Width 


70 


10,000 


80 


10,000 


ns 




l RASP 


RAS Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




tRSH 


HAS Hold Time 


20 


- 


20 


- 


ns 




RHCP 


R"A~S Hold Time FromTAS 
Precharge (Fast Page Mode) 


40 


- 


45 


- 


ns 




tcSH 


CAS Hold Time 


70 




80 




ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


HAS to CAS Delay Time 


20 


50 


20 


60 


ns 


15 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


16 


tcRP 


CAS to R"A15 Precharge Time 


5 


- 


5 




ns 




*cp 


CAS Precharge Time 


10 


- 


10 


- 


ns 




*ASR 


Row Address Set-Up Time 












ns 




*RAH 


Row Address Hold Time 


10 




10 




ns 




*ASC 


Column Address Set-Up Time 












ns 




•CAH 


Column Address Hold Time 


15 




15 




ns 




l AR 


Column Address Hold Time refer- 
enced to RAS 


55 




60 




ns 




*RAL 


Column Address to RAS Lead Time 


35 




40 




ns 




*RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


12 


l RRH 


Read Command Hold Time refer- 
enced to RAS 












ns 


12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC514900AJL 


UNIT 


NOTE 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


l WCH 


Write Command Hold Time 


15 




15 




ns 




l WCR 


Write Command Hold Time referenced to 
RM 


55 




60 




ns 




*WP 


Write Command Pulse Width 


15 




15 




ns 




l RWL 


Write Command to RAS Lead Time 


20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


20 




20 




ns 




*DS 


Data Set-Up Time 





- 





- 


ns 


13 


*DH 


Data Hold Time 


15 




15 




ns 


13 


*DHR 


Data Hold Time referenced to RAS 


55 


- 


60 


- 


ns 




^REF 


Refresh Period 




128 




128 


ms 




twcs 


Write Command Set-Up Time 












ns 


14 


tcWD 


CAS to WRITE Delay lime 


50 


- 


50 


- 


ns 


14 


l RWD 


RAS to WRITE Delay Time 


100 


- 


110 


- 


ns 


14 


l AWD 


Column Address to WRITE Delay Time 


65 


- 


70 


- 


ns 


14 


*CPWD 


CAS Precharge to WRITE Delay Time 


70 


- 


75 


- 


ns 


14 


*CSR 


CSS Set-Up Time 
(CAS before RAS Cycle) 


5 


- 


5 


- 


ns 




tCHR 


^ A n tt_i j rrv ._ _ _ 

CAS Hold Time 
(CSS" before Cycle) 


15 




15 




ns 




RPC 


ESS to CSS" Precharge Time 












ns 




tcPT 


CAS Precharge Time 

(CSS before KSS Counter Test Cycle 


40 




40 




ns 




tROH 


ESS Hold Time referenced to DE 


10 




10 




ns 




k)EA 


DE Access Time 




20 




20 


ns 


10 


k)ED 


DE to Data Delay 


20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time from DE 





20 





20 


ns 


11 


k)EH 


DE Command Hold Time 


20 




20 




ns 




k>DS 


Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MTN 


MAX 


UNIT 


Cn 


Input Capacitance (A0-A8, A9R) 




5 


pF 




Input Capacitance (RAS, CAS, WRI TE, OE) 




7 


pF 


Co 


Input Capacitance (I/01-I/09) 




7 


pF 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci . !cc3' I CC4> J CC6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6- 1 ras (max.) = 1ns is only applied to refresh of battery-back up. t^g (max.) = 10us is applied to 
functional operating. 

7. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t T =5ns. 

9. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and Vjl. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . t FF (max.) and t 0EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or tj^ must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14- t wcs , t RWD , tc WD , t AW D tc PW D we not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) through the entire cycle; If tRwo^RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and tcpwD^PWD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the t^p (max.) limit insures that t^c (max.) can be met. tR^ (max.) is specified as 
a reference point only: If t^o is greater than the specified tj^ (max.) limit, then access time is 
controlled by t^. 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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KX5 ONLY REFRESH CYCLE 



RAS 



US 



V, L — - 



7 



*CRP 



tASR 



*RAH 



A0~A8. ViH — ^ 
A9R 



y 



*RP 



\ 



*RPC 



V7 




Note: WRITE, SI", D| N ="H" or "L" 
D OU T = OPEN 



€53 BEFORE K53 REFRESH CYCLE 




l/01~ V 0H ~ 

1/09 



Vol- 



> 



OPEN 



Note: Dim, WRITE, OT, A0-A8, A9R= "H" or "L" 



: "H" or "L" 
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C55 BEFORE K55 REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 



ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJL are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of 
these signals, RAS and CAS, triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (t^n) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUTS 

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of 
CAS or WRITE strobes data on I/01-I/09 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRTTE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL load. 
Data-out is the same polarity as data-in. The outputs are in the high impedance state until CAS is brought low. 
In a read cycle the outputs go active after the access time interval t^c and t OEA are satisfied. 

The outputs become valid after the access time has elapsed and remain valid while CAS and DE are low. 
CAS or DE going high returns it to a high impedance state. In a delayed write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE input is brought to a logical low level, the output buffers are enabled. Both CAS and DE can 
control the outputs. Thus in a read operation, either DE or CAS returning high forces the outputs into the high 
impedance state. 
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R55 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
addresses (AO-A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished with "RAS-only" cycles. RAS only 
refresh results in a substantial reduction in operating power. This reduction in power is reflected in the I CC3 
specification. 

CSS BEFORE KX5 REFRESH 

CAS before RAS refreshing available on the TC514900AJL offers an alternate refresh method. If CAS" is 
held on low for the specified period (tc SR ) before RAS goes to low, on chip refresh control clock generations 
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh 
operation is performed, the refresh address counter is automatically incremented in preparation for the next CAS 
before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514900AJL allows for successive memory operations at multiple 
column locations of the same row address with increased speed without an increase in power. This is done by 
strobing the row address into the chip and maintaining the RAS signal at a logic throughout all successive 
memory cycles in which the row address is common. This "Fast Page Mode" of operation will not dissipate the 
power associated with the negative going edge of RAS. Also, the time required for strobing in a new address is 
eliminated, thereby decreasing the access and cycle times. 



HIDDEN REFRESH 

An optional feature of the TC514900AJL is that refresh cycles may be performed while maintaining valid 
data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS at 
Vjl and taking RAS high and after a specified precharge period (tRp), executing a CAS before RAS refresh 
cycle. (See Figure below) 



KS5 



1/01-1/09 — OPEN 



\ /"A /~\ / 



MEMORY CYCLE 



\ 



REFRESH CYCLE 



VALID DATA-OUT 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the availability. 
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€55 BEFORE R55 REFRESH COUNTER TEST 

The internal refresh operation of TC514900AJL can be tested by "CAS" BEFORE K£5" REFRESH 
COUNTER TEST." This cycle performs READ/WRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows: 

• 1 . Write "0" into all the memory cells normal write mode. 

• 2. Select one certain column address and read "0" out and write "1" in each cell by performing "CAS 

BEFORE RM REFRESH COUNTER TEST (READ-MODIFY- WRITE CYCLE)." 

• 3. Check "1" out of 1024 bits at normal read mode, which was written at 

• 4. Using the same column as read "1" out and write "0" in each cell performing "CAS BEFORE RAS 

REFRESH COUNTER TEST." Repeat this operation 1024 times. 

• 5. Check "0" out of 1024 bits at normal read mode, which was written at V. 

6. Perform the above + to / to the complement data. 
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524,288 WORD X 9 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514900AJLL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJLL utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514900AJLL to be packaged in a standard 28 pin plastic SOJ. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V+ 10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



524,288 word by 9 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% with a built- 
in V BB generator 
Low Power 

663mW MAX .Operating 

(TC514900AJLL-70) 

550mW MAX. Operating 

(TC514900AJLL-80) 

l.lmWMAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read-Modify- Write, CM before KM refresh, 

RAS-only refresh, Hidden refresh, and Fast 

Page Mode capability 

All inputs and outputs TTL compatible 

1024 refresh cycles/128ms 

Package TC514400AJLL : SOJ28-P-400 



ITEM 


TC514400AJLL 


-70 


-80 


*RAC R~A~5 Access xime 


70ns 


80ns 


*AA Column Address 
Access Time 


35ns 


40ns 


k:AC CAS Access Time 


20ns 


20ns 


tRC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8.A9R 


Address Inputs 


RM 


Row Address Strobe 


CAU 


Column Address Strobe 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/09 


Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 





fo \ 




v cc C: 


1 


28 


1 v ss 


1/01 L" 


2 


27 


3 1/09 


1/02 C 


3 


26 


31/08 


1/03 C 


4 


25 


31/07 


1/04 L" 


5 


24 


11 1/06 


1/05 L" 


6 


23 






7 


22 


301 


mz 


8 


21 


3n.c. 


A9RC 


9 


20 


3A8 


AOC 


10 


19 


:a7 


A1C 


11 


18 


3A6 


A2C 


12 


17 


3A5 


A3C 


13 


16 


DA4 


V CC C 


14 


15 


3 v ss 




\ 


1 
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BLOCK DIAGRAM 



WrTTTO- 



CA5 



AO 

A1 O*- 

A2 &+■ 

A3 O*- 
A4 

A5 <>*■ 

A6 O*- 

A7 O*- 
A8 



"0 



V C C V SS 



1/02 1/04 1/06 1/08 
1/01 9 1/03 ? 1/05 ? 1/07 ? 1/09 

mint h. 



N0.2 CLOCK 
GENERATOR 



COLUMN 
ADDRESS 
BUFFERS (9) 



REFRESH 
TIMER 



1 f 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



A9R O- 



ROW 
ADDRESS 
8UFFERS (10) 



RA5 0-* 



N0.1 CLOCK 
GENERATOR 



DATA IN 
BUFFERS 



DATA OUT 
BUFFERS 



7t 



COLUMN 
DECODER 



SENCE AMP 
I/O GATE 



10 



N OO 



1024 



•512x9 



MEMORY 
ARRAY 
1024x512x9 



SUBSTRATE BIAS 
GENERATOR 



or 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°C 




Storage Temperature 


T STG 


— 55-150 


°C 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


i 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 

(A0-A8.A9R, KA5, CSS", WRITE, 0"E 


-1.0*1 




0.8 


V 


2 




Input Low Voltage (1/0-1/09 


-0.5*2 




0.8 


V 


2 



*1 -2.5V at pulse width 5 20ns 
*2 -2.0V at pulse width < 20ns 



D.C. OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA5, CAS, Address Cycling: t RC =t RC MIN.) 


TC514100AJLL-70 




115 


mA 


3,4 
5 


TC514100AJLL-80 




100 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CA5=V IH ) 




2 


mA 




!CC3 


KA5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(KAS Cycling, CA5=V IH : t RC =t RC MIN.) 


TC514100AJLL-70 




115 


mA 


3,5 


TC514100AJLL-80 


- 


100 


! CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"A"S =V IL ,~CAS, Address Cyclingitpc^pc MIN.) 


TC514100AJLL-70 




80 


mA 


3,4 
5 


TC514100AJLL-80 


- 


70 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RA5=CS5=V CC -0.2V) 




200 


HA 




I 

CC6 


CAS BEFORET5S5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CSS, Cycling: t RC =t RC MIN.) 


TC514100AJLL-70 


- 


115 


mA 


3 


TC514100AJLL-80 




100 


IcC7 


BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 
(K£5=CA15 Before KA5 Cycling or 0.2V, DE=V CC -0.2V or 0.2V, 
WRITE =V CC -0.2V or 0.2V A0-A8, A9R=V CC -0.2V or 0.2V, I/O-I/ 
O9=Vcc-0.2V, 0.2V or OPEN:t RC =125us, ^8=^5 MIN. ~lus) 




300 


UA 


3,6 




SELF REFRESH CURRENT 
Average Power Supply Current, Self Refresh Mode 
(KM=CM=V IL , WRTTE=V CC -0.2V or 0.2V, DE=V CC -0.2V or 0.2V 
A0~A9=V CC -0.2V or 0.2V, I/Ol~9=V cc -0.2V, 0.2V or OPEN 




200 


\iA 




I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V!N<6.5V, All Other Pins Not Under Test=0V) 


-10 


10 


HA 




W) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-10 


10 


UA 




V H 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 7,8,9) 



SYMROT 


PAR AMFTFR 


TC5 1 4400 A AJLL 


UNIT 


NOTE 


-70 


-80 


IVIUN 


MAY 


\/fT\r 
ivurN 


MAY 


l RC 


T?atiHnm T?f*aH av (~*\fc*\(* Timp 
jxatiuuiii ixcau vjl YviiLC' \_^ycic iiiiiw 






1 sn 








l RMW 


JXt/ilU 1V1 VSUllV TVIILW V^yvlt 


1 SS 








ns 




l PC 


T^a^t Paof* "M"nH** f'vplf* Tim** 
x it dgw iviuvj-v \_^yc_c nine 










ns 




tpRMW 


Time 


1 nn 

1UU 








ns 




*RAC 


Access Time from RAS 




70 




80 


ns 


10,15, 
16 


tcAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


10,15 


Ua 


Access Time from Column Address 




35 




40 


ns 


10,16 


k:PA 


Access Time from CAS Precharge 




40 




45 




10 


kxz 


CSS" to Output in Low-Z 












ns 


10 


toFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


9 


tRP 


RAS Presharge Time 


50 




60 




ns 




tRAS 


KM Pulse Width 


70 


10,000 


80 


10,000 


ns 




*RASP 


RM Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




tRSH 


KM Hold Time 


20 




20 




ns 




tRHCP 


KM Hold Time FromTM 
Precharge (Fast Page Mode) 


40 




45 




ns 




tcSH 


CM Hold Time 


70 


- 


80 


- 


ns 




tcAS 


CAS" Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


KM to CSS" Delay Time 


20 


50 


20 


60 


ns 


15 


*RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


16 


*CRP 


CM to KM Precharge Time 


5 




5 


- 


ns 




*cp 


CM Precharge Time 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 





- 





- 


ns 




'rah 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 













ns 




*CAH 


Column Address Hold Time 


15 




15 




ns 




l AR 


Column Address Hold Time referenced RAS 


55 




60 




ns 




£ RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


12 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


12 


VCH 


Write Command Hold Time 


15 




15 




ns 




l WCR 


Write Command Hold Time referenced to RAS 


55 




60 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 14400 AAJLL 


UNIT 


NOTE 


-70 


-80 


MIN 


MAX 


MIN 


MAX 




Write Command Pulse Width 


15 




15 




ns 






Write Command to RAS Lead Time 


20 




20 




ns 




^CWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


ns 




^DS 


Data Set-Up Time 


U 




n 
U 




ns 


13 


l DH 


Data Hold Time 


15 


- 


15 


- 


ns 


13 


* 

l REF 


Refresh Period 


- 


128 


- 


128 


ms 




l WCS 


Write Command Set-Up Time 












ns 


14 


tcWD 


CAS to WRITE Delay lime 


20 


_ 


20 


_ 


ns 


14 


l RWD 


RAS to WRITE Delay Time 


70 


- 


80 


- 


ns 


14 


U\VD 


Column Address to WRITE Delay l ime 


35 


- 


40 


- 


ns 


14 


tcPWD 


CAS Precharge to WRITE Delay lime 


40 


- 


45 


- 


ns 


14 


H^SR 


CM Set-Up Time 
(CM before KM Cycle) 


5 


- 


5 


- 


ns 




tCHR 


CSS Hold Time 

(CM before KM Cycle) 


15 




15 




ns 




l RPC 


KM to CM Precharge Time 












ns 




tcPT 


CAS Precharge Time 

Dciore jvf\o counter icai v^ycic 


40 




40 




ns 




l ROH 


KM Hold Time referenced to DE 


10 


- 


10 


- 


ns 




k)EA 


DE Access Time 




20 




20 


ns 


10 


k>ED 


DE to Data Delay 


20 




20 




ns 




*OEZ 


Output buffer turn off Delay Time 
fromUE 





20 





20 


ns 


11 


toEH 


DE Command Hold Time 


20 




20 




ns 




k)DS 


Output Disable Set-Up Time 












ns 




l RASS 


EM Pulse Width (CM before JEM Self 
Refresh) 


100 




100 




|XS 




tRPS 


KM Precharge Time (CM before Self Refresh) 


130 




150 




ns 




k:HS 


CM Hold Time (CM before"KM Self Refresh) 


-50 




-60 




ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0-A8.A9R) 




5 


pF 




Input Capacitance (RAS, CAS, WKlTb, OH) 




7 


pF 


Co 


Input Capacitance (I/01-I/09) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci> kc* ken* kce depend on cycle rate. 

4. Iq CI , I cc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. Iras (max.)=lus is only applied to refresh of battery-back up. t^g (max.) = 10ns is applied to functional 
operating. 

7. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tr=5ns. 

9. V m (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

1 1 . topp (max.) and tQ EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

12. Either t RCH or tjy^j must be satisfied for a read cycle. 

1 3 . These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

14. t wcs , t RW D, tcwD' *awd tcpwD 316 not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and t C p W p>t CPWDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

16. Operation within the t^p (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If tj^D is greater than the specified t^p (max.) limit, then access time is 
controlled by t AA . 
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WRITE CYCLE (DE CONTROLLED WRITE) 



tRC 
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FAST PAGE MODE READ CYCLE 




A-326 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514900AJLL70/80 



FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



W~A8 
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K55 ONLY REFRESH CYCLE 



KS5 



OS 



V,H— ~ 



V,H— -J 

V IL — : / 



tASR 



tRAH. 



A0-A8, V, H 
A9R 



tRC 



y 



\ 



tRPC 

~X7 




Note: WRITE, OF, D| N =*H" or "L* 
Dqut = OPEN 



"H" or "L* 



CSS BEFORE KX3 AUTO REFRESH CYCLE 




1/01- V 0H - 

"09 u _ 
Vol 



> 



OPEN 



Note: D| N , WRITE, Of, A0~A8, A9R = "H" or "L" 



: "H" or "L* 
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CSS BEFORE RSS SELF REFRESH CYCLE 




Note : Din, WRITE, OE, A0-A8, A9R= "H* or "L" 



HIDDEN REFRESH CYCLE (READ) 
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262,144 WORD X 16 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514260BJ/BFT is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514260BJ/BFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514273BJ to be packaged in a standard 40 pin plastic SOJ, and 44/40 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



262,144 word by 16 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% with a built- 
in V BB generator 
Low Power 

550mW MAX .Operating 

(TC514273BJ-70) 

468mW MAX. Operating 

(TC514273BJ-80) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify-Write, CA"S before KA~5" refresh, 

RAS-only refresh, Hidden refresh, Fast Page 

Mode and Test Mode capability 

All inputs and outputs TTL compatible 

512refresh cycles/8ms 

Package TC514260BJ : SOJ40-P-400 

TC514260BFT : TSOP44-P-400B 



ITEM 


TC514260BJ 


-70 


-80 


l RAC R"A"5 Access Time 


70ns 


80ns 


^AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAT? Access Tune 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8 


Address Inputs 


RAS 


Row Address Strobe 


UCAS 


Column Address Strobe/Upper 
Byte Control 


LCAS 


Column Address Strobe/Lower 
Byte Control 


WRITE 


Read/Write Input 


OE 


Output Enable 


I/01-I/016 


Write Section/ Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 











v ce [ 


1 


40 


3v„ 


I/Q1[ 




39 


] 1/016 


1/02 [ 


3 


38 


] IAD 15 


1/03 [ 


4 


37 


3 1/014 


1/04 [ 




36 


] 1/013 


VccC 


6 


35 


3v„ 


1/05 [ 


7 


34 


] 1/012 


1/06 [ 


8 


33 


] 1/011 


1/07 [ 


9 


32 


]l/O10 


UQ8[ 


10 


31 


3 1/09 


N.C.[ 


11 


30 


]N.C. 


N.C.[ 


12 


29 


]lcas 


WRITE [ 


13 


28 


]UCAS 


RAS[ 


14 


27 


361 


N.C[ 


15 


26 


]A8 


A0[ 


16 


25 


]A7 


A1[ 




24 


]A6 


A2[ 


18 


23 


]A5 


A3[ 


19 


22 


]A4 


VccC 


20 


21 


]v„ 



Plastic TSOP 
(Normal Bend Type) 



v cc rn?" 
woirr 2 

V02LE 3 
1/03 [E 4 
W04[E 5 
VccCE 6 
W05DI 7 
W06[E 8 
1/07 E 9 
1/08 H 10 



N.C. EC 
N.C. IT 
WRITE IE 
RASLE 
N.C. EC 

ao EE 

AlE 
A2CE 
A3 [E 

VccC 



33 v„ 

D 1/016 
D 1/015 
31 1/014 
33 IAD 13 

33 v„ 

31 IAD 12 

37 U won 

36 U IAD 10 
35 D 1/09 



H N£_ 

33 lcas 
33 ucas 
31 61 
33 A8 

31 A7 
33 A6 

33 as 

31 A4 

31 v« 
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BLOCK DIAGRAM 



I/0 10 1/012 1/014 

q O O 



Vcc V$$ 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


VoUT 


— 1-7 


V 




Power Supply Voltage 


V CC 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260* 10 


°C • sec 




Power Dissipation 


P D 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




Vcc+0-5 


V 


2 


VlL 


Input Low Voltage 


-0.5 




0.8 


V 


2 



*-2.0V at pulse width <, 20ns 



D.C. OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


^Cl 


OPERATING CURRENT 

Average Power Supply Operating Current (RAS, 

UCAS, LCAS, Address Cycling: t RC =t RC MIN.) 


TC514260BJ/BFT-70 




100 


mA 


3,4 
5 


TC514260BJ/BFT-80 


- 


85 


! CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA"S~=UCAS=LCAS=V IH ) 




2 


mA 




k;c3 


KX3 ONLY REFRESH CURRENT Average Power 
Supply Current,~KA7> Only Mode(R5S Cycling, 
UCAS=L"CAl?=V IH : t RC =t RC MIN.) 


TC514260BJ/BFT-70 


- 


100 


mA 


3,5 


TC514260BJ/BFT-80 




85 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode(RAS 

=V!L,UCAS,LCAS,Address Cycling:t PC =t PC MIN.) 


TC514260BJ/BFT-70 


- 


70 


mA 


3,4 
5 


TC514260BJ/BFT-80 




60 




STANDBY CURRENT 
Power Supply Standby Current 
(ITO=UCSS"=ECSS"=V CC -0.2V) 




1 


mA 




I 

CC6 


CSS BEFORETJ55 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RKS, UCAS, EC5S" Cycling: t RC =tpc MIN.) 


TC514260BJ/BFT-70 




100 


mA 


3,5 


TC514260BJ/BFT-80 




85 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OViCVn^-SV, All Other Pins Not Under Test=0V) 


-10 


10 


OA 




! 0(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V £V OUT <5.5V) 


-10 


10 


UA 




V OH 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (Iour^^mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC514260BJ/BFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 


- 


105 


- 


ns 




l RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


9,14,15 


k;AC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


l AA 


Access Time from Column Address 




35 




40 


ns 


9,15 


tcPA 


Access Time from CAS Precharge 


_ 


40 




45 




9 


tcLZ 


CM to Output in Low-Z 










_ 


ns 


9 


toFF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 




*RP 


RAS Presharge Time 


50 




60 


_ 


ns 




tRAS 


KS5 Pulse Width 


70 


10,000 


80 


10,000 


ns 




*RASP 


RAS" Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




*RSH 


HAS" Hold Time 


20 




20 




ns 




*RHCP 


KS5 Hold Time FromTSS 
Precharge (Fast Page Mode) 


40 




45 




ns 




k:sH 


CSS Hold Time 


70 


- 


80 


- 


ns 




k:AS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




l RCD 


KM to CM Delay Time 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 


tcRP 


CSS" to KM Precharge Time 


5 


- 


5 




ns 




*CP 


CSS Precharge Time 


10 




10 




ns 




l ASR 


Row Address Set-Up Time 












ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




*CAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


l WCH 


Write Command Hold Time 


15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC514260BJ/BFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


15 




15 




ns 




l RWL 


Write Command to RAS Lead Time 


20 


. 


20 




ns 




*CWL 


Write Command to CAS Lead Time 


20 




20 




ns 




l DS 


Data Set-Up Time 












ns 


12 


l DH 


Data Hold Time 


15 




15 




ns 


12 


l REF 


Refresh Period 




8 




8 


ns 




%CS 


Write Command Set-Up Time 


o 




o 




ns 


13 


tcWD 


CAS to WRITE Delay Time 


50 




50 




ns 


13 


^RWD 


RAS to WRITE Delay Time 


100 




110 




ns 


13 


^AWD 


Column Address to WE Delay Time 


65 




70 




ns 


13 


truu/n 


CAS Precharge to WRI TE Delay lime 


70 




75 




ns 


13 


^CSR 


CSS" Set-Up Time {CSS" before R"SS" Cycle) 


5 




5 




ns 




^CHR 


CSS" Hold Time (CSS" before EM Cycle) 


15 




15 




ns 




^RPC 


RAS to CSS" Precharge Time 


5 




5 




ns 






CSS Precharge Time (CSS before R"SS 
Counter Test Cycle 


30 




30 




ns 




*ROH 


KSS" Hold Time referenced to OE 


10 




10 




ns 




k>EA 


DE Access Time 




20 





20 


ns 


9 


k>ED 


OE to Data Delay 


20 




20 




ns 




kmz 


Output buffer turn off Delay Time from 0E 





20 





20 


ns 


10 


k)EH 


DE Command Hold Time 


20 




20 




ns 




k)DS 


Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0-A8) 




5 




c I2 


Input Capacitance (RSS, UCAS, LCAS,T5E)) 




7 




Co 


Input Capacitance(I/01~I/016) 




7 





A-338 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BFT-70/80 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to Vg§. 

3- Icci. Icc3. !cc4. !cc6 depend on cycle rate. 

4. Ic C1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or t^m must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS, LCAS leading edge in early write cycles and to WRITE, 
leading edge in Read-Modify- Write cycles. 

13. twcs' 1 rwd> tcwD' Uwd m & *cpwd ^ not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs £t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD ^t RWD (min.), 
tcwD-tcwD (min.), tAWD-UwD (min.) and tcpwp^pwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tgj^ (max.) limit insures that t^c (max.) can be met. t^p (max.) is specified as 
a reference point only: If tj^ is greater than the specified tj^ (max.) limit, then access time is 
controlled by t^. 
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A OvIO 
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A Oil A 
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UPPER BYTE READ-MODIFY- WRITE CYCLE 




"H* or "L* 



Nott: D| N (l/01~l/08) » Don't Care 
D O ut(I/01~I/08) =OPEN 
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FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE BYTE READ CYCLE 



A0-A8 




1/09 
-I/016 vol 



Note: Din = OPEN 



tacuid A >UEnv>> ci cr>rnnui/> pnuBnuEUK in/* 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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FAST PAGE MODE BYTE READ-MODIFY- WRITE CYCLE 

Jfi&SiL 




VQ9 
~l/016| 



A net 



iDrtucKiTC iwr 
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E5S ONLY REFRESH CYCLE 



V|„— - 

v* — 



Viu r 

DCS5. ,H 



A0-A8 



7 



tRC 



tRAH 



Jut. 





Note: WRITE, OT="H" or "L" 
D| N s Don't Care 
D OU T = OPEN 



: "H" or "L" 



CSS BEFORE RSS REFRESH CYCLE 




ICS v iu — - 



1/01- v oh- 
1/016 v 0L - 



> 



Note: WRITE, OT. A0~A8="H" or "L" 
D| N a Don't Care 

CAS before RAS refresh is performed when either UCA5 or LCAS meets this timing. 



: "H* or "L" 
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HIDDEN REFRESH CYCLE (READ) 
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CSS BEFORETRX3 REFRESH COUNTER TEST READ CYCLE" 



DOB, 
CG55 V IL 



A0-A8 




WRITE 



Note: D| N = OPEN 



€A~5 BEFORE R5S REFRESH COUNTER TEST WRITE CYCLE 




1/01 V IH 
-1/016 



Vil — 1 





tos 




4 tDH , 










DATA-IN 





Nott: Dout = OPEN 
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€55 BEFORETK55 REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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262,144 WORD X 16 BIT DYNAMIC RAM 



DESCRIPTION 

The TC514170BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514170BJ utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514170BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V+ 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL, 



FEATURES 

• 262,144 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% with a built- 
ion V BB generator 

• Low Power 

413mW MAX .Operating 
(TC514170B-70) 
358mW Max. Operating 
TC514170B-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selection 

• Read-Modify- Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514170BJ : SOJ40-P-400 



KEY PARAMETERS 



ITEM 


TC514170BJ 


-70 


-80 


*RAC Access Time 


70ns 


80ns 


^AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAS Access Time 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


l PC Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0~A7,A8R,A9R 


Address Inputs 


TOSS 


Row Address Strobe 




Column Address Strobe 


UW 


Read/Upper Byte Write Input 


EW 


Read/Lower Byte Write Input 


DE 


Output Enable 


1/01 -1/016 


Data Input/Outputt 


V CC 


Power (+5V) 


V ss 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 







4— 








Vcc 


[ 


1 


40 


] 


Vss 


1/01 


[ 


2 


39 


] 


1/016 


1/02 


C 


3 


38 


] 


1/015 


1/03 


[ 


4 


37 


] 


1/014 


1/04 


C 


5 


36 


] 


1/013 


Vcc 


[ 


6 


35 


3 


Vss 


1/05 


[ 


7 


34 


3 


1/012 


1/06 


[ 


8 


33 


3 


1/011 


1/07 


C 


9 


32 


3 


I/0 10 


1/08 


C 


10 


31 


3 


1/09 


N.C. 


c 


11 


30 


3 


N.C. 


LW 


[ 


12 


29 


3 


N.C. 


UW 


[ 


13 


28 


3 


CAT 


HS5 


c 


14 


27 


3 


or 


A9R 


C 


15 


26 


3 


A8R 


AO 


[ 


16 


25 


3 


A7 


A1 
A2 
A3 

Vcc 


[ 
[ 
[ 
[ 


17 
18 
19 
20 


24 
23 
22 
21 


3 
3 
3 
3 


A6 
A5 
A4 

Vss 
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BLOCK DIAGRAM 



1/01 



I/02 1/04 1/06 1/08 I/0 10 I/0 12 1/014 1/016 
O P P P „«« O P ■ - — P P 



V CC v ss 

11 



1/03 



VOLTAGE DOWN 
CONVERTER 



OTo-*- 
v cc o-* 



DATA OUT 
BUFFER 



TJW °" 



LW O- 



C73P-^ 



N0.2 CLOCK 
GENERATOR 



AO O*- 
A1 O*- 
A2 O*- 
A3 O*- 
A4 O*- 
A5 <>*» 
A6 O*- 
A7 O*- 



± 



COLUMN 
ADDRESS 
BUFFERS (8) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



A8RO- 
A9RO- 



ROW 
ADDRESS 
BUFFERS (10) 



RA50-*- 



N0.1 CLOCK 
GENERATOR 



16 



1/05 



1/07 



1/09 



1/011 



1/013 



1/015 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



Is) 



oo 



3 



1024 



■256x16- 



MEMORY 
ARRAY 
1024x256x16 



SUBSTRATE BIAS 
GENERATOR 



DATA IN 
BUFFER 



16 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1-7 


V 




Output Voltage 


V OUT 


— 1-7 


V 




Power Supply Voltage 


V C c 


— 1-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


^SOLDER 


260*10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


'out 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


High Level Input Voltage 


2.4 




Vcc+0.5 


V 


2 


Vil 


Low Level Input Voltage 


-0.5* 




0.8 


V 


2 



* 2.0V atpulse width < 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA"S\~CA"S", Address Cycling:t RC =t RC MIN) 


TC514170BJ-70 




75 


mA 


3,4 
5 


TC514170BJ-80 




65 




i 

CC2 


STANBY CURRENT 

Power Supply Standby Current 

(KA"5=CA"5, =V IH ) 




2 


mA 




'cC3 


KM ONLY REFRESH CURRENT 

Average Power Supply Current (RAS Only Mode 

(KM, Cycling7CM,= V IH : t RC =t RC MIN) 


TC514170BJ-70 




75 


mA 


3,5 


TC514170BJ-80 




65 




'cC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KM="V IL "CM.Adress Cycling: t PC =t PC MIN) 


TC514170BJ-70 




70 


mA 


3,4,5 


TC514170BJ-80 




60 




'cC5 


STANDBY CURRENT 
Power Supply Standby Current, 
(KM=CM=V C c-0.2V) 




1 


mA 




1 

CC6 


CM BEFORE KM REFRESH CURRENT 
Average Power Supply Current, Fast Page Mode 
(RSS"="VrL,"CAl?.Adress Cycling: t PC =t PC 


TC514170BJ-70 




75 


mA 


3,5 


TC514170BJ-80 




65 




1 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV< V IN < V cc , All Other Pins Not Under Test=OV 


-10 


10 


uA 




1 

O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, < OV s Vqtjt < Vcc 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

(Output "H" Level Voltage ('out = 5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

(Output "H" Level Voltage (' oux = 4.2mA) 




0.4 


V 





A QCC 



meuiDA amcdioa ci cr>TDr>uir ^niioniiciiTe ims* 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC514170BJ 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 




150 




ns 




*RMW 


Read-Modify-Write Cycle 


185 




205 




ns 




tpc 


Fast Page Mode Cycle Time 


45 




50 




ns 




tpRMW 


Fast Page Mode Read-Modify-Write Cycle Time 


100 




105 




ns 




*RAC 


Access Time from RAS 




70 




80 


ns 


9,14,15 


*cac 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


*AA 


Access Time from Column Address 




JJ 




APk 

4U 


ns 


9,15 


*CPA 


Access Time from CAS Precharge 




Af\ 

4U 




A< 

4j 


- 


9 


kxz 


C A c tn Oiitnut in T c\w-7 Data TJnlH Timp 

V^rtO 1U UUIUUL ill LUW Zj UauX xTUlU XllllC 


A 
U 




A 

u 




ns 


Q 


•off 


Diitnut Rnffpr Tnrn-nff FVInv 

v/UlUUl JDU11C1 1 U1I1 Ull LJClay 


n, 
u 


i e 

1 J 


A 

u 


1 c 

1 j 


ns 


10 


t 

l T 


Trciticitinn Tityip ^I?icp QnH T*q1M 
llollMllUU 11111C ^JVlaC alKl rail) 


i 

j 


^ a 


J 


^A 


ns 




l RP 


Ivrvo xlCMlalgC XllllC 






AA 
OU 




ns 




l RAS 


R AC PiilcA Width 
ivrvo ruiac tviuui 


/u 


1 A AAA 

1U,UUU 


on 
oU 


1 A AAA 


ns 




l RASP 


li A V PiiIqp WiHth fFnet Pnop Mnrlp'l 


/u 


1 AA AAA 
1UU,UUU 


OA 

oU 


1 AA AAA 
iUU,UUU 


ns 




l RSH 


R AC HnlH Timp 
nuiu i line 


oa 




OA 




ns 




l RHCP 


D AC UnlH Timp From C A C 
invao nuHi nine rruin 

Precharge (Fast Page Mode) 


41) 




AZ 

4j 




ns 




^CSH 


CAU Hold Time 


70 




80 




ns 




*CAS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


KM to CM Delay Time 


20 


50 


20 


60 


ns 


14 


*RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 


tcRP 


CSS" to MS Precharge Time 


5 




5 




ns 




tcp 


CM Precharge Time 


10 




10 




ns 




*ASR 


Row Address Set-Up Time 












ns 




*RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




*CAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




*RCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time 












ns 


11 


*RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


%CH 


Write Command Hold Time 


15 




15 




ns 





rneuiDt a ijcdi/^ a ei 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC514170BJ 


UNIT 


NOTE 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


^WP 


Write Command Pulse Width 


15 




15 




ns 




^RWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


ns 




^CWL 


Write Command to CAS Lead Time 


20 




20 




ns 




*DS 


Data Set-up Time 





- 





- 


ns 


12 


*DH 


Data rioio i lme 


15 


- 


15 


- 


ns 


1 1 


l REF 


Refresh Period 




16 




16 


ns 




twcs 


Write Command Set-up Time 












ns 


13 


tcWD 


CAS to WRITE Delay Time 


50 


- 


50 


- 


ns 


13 


l RWD 


RAS to WRITE Delay Time 


100 


- 


110 


- 


ns 


13 


l AWD 


Column Address to WRITE Delay l ime 


65 


- 


70 


- 


ns 


13 


tcPWD 


CAS Precharge to WRITE Delay lime 


70 


- 


75 


- 


ns 


13 


*CSR 


CSS" Set-up Time 
(CSS before RSS Cycle) 


5 


- 


5 


- 


ns 




tcHR 


CSS" Hold Time 
(CSS before ESS Cycle) 


i«; 
u 




15 




ns 




l RPC 


RSS to CSS Precharge Time 


5 




5 




ns 




tcPT 


CSS Precharge Time 
(L-Aa oeiore kas counter lest) 






j\j 


— 


ns 




l ROH 


RSS Hold Time referenced to OE 


10 


— 


10 




ns 




k)EA 


OE Access Time 




20 





20 


ns 


9 


k)ED 


OE to Data Delay 


20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time 
fromOE 





20 





20 


ns 


10 


k>EH 


OE Command Hold Time 


20 




20 




ns 






Output Disable Set-up Time 












ns 




l MCS 


Masked Write Set-Up Time 







10 




ns 




l MRH 


Masked Write Hold Time referenced to 
RSS 







10 




ns 




l MCH 


Masked Write Hold Time referenced to 
CSS 







10 




ns 





CAPACITANCE (T cc = 5V+ 10%, f = 1MHz, Ta = 0~70°c) 



SYMBOL 


CHARACTERISTIC 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (AO ~A7, A8R, A9R) 




5 


pF 


C I2 


Input Capacitance (RSS, CSS, UW, EW, OE) 




7 


pF 


Co 


Input/Output Capacitance (I/01-I/016) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3 - Icci. !cc3' I cc4> !cc6 depend on cycle rate. 

4. Ic C1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V[l. In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tj=5ns. 

8. Vjh (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tj^ must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13. t wcs , t RWD , tcwo, t AWD and tcp^ are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^cwD (min.), t AW r>^t AWD (min.) and tcpwp^tcpwo (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^o (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If t^o is greater than the specified t^p (max.) limit, then access time is 
controlled by t^. 
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FAST PAGE MODE READ CYCLE 




Note: D| N = OPEN 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 




D OU T = OPEN 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 




D OU T = OPEN 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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KSS ONLY REFRESH CYCLE 



RAT 



OS 



V| H " 

V|L — 



V| H 

A0-A7, 
A8R.A9R Vil 




tRAS 



Note: UW, LW, TSE-'H" or "L" 
D| N = Don't Care 
Dqut = OPEN 



r 



tRPl 





"H" or "L" 



€55 BEFORE RSS ONLY REFRESH CYCLE 



ca3 




1/01 V H — 



=3 



OPEN 



Note: UW. IW, OT, A0~A7, A8R, A9R = "H" or "I" 
D| N = Don't Care 



"H" or "L 
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CSS BEFORE K5S REFRESH COUNTER TEST READ CYCLE 



JOS 



us 



A0-A7 



TJW.IW 



OT 



1/01 v oh — 
~I/016 




Note: A8R,A9R = "H"or"L" 
D IN = 0PEN 



CSS BEFORE RS5 REFRESH COUNTER TEST WRITE CYCLE 



X3S 



uw.rw 




1/01 v, H — ^ 

~l/016 



: "H* or "I" 



Note: A8R.A9R«"H"or"L" 
Dqut-OPEN 
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262,144 WORD X 16 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514273BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514273BJ utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to the system user. Multiplexed address inputs permit the 
TC514273BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V± 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 



FEATURES 



KEY PARAMETERS 



262,144 word by 16 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

550mW MAX .Operating 

(TC514273BJ-70) 

468mW MAX. Operating 

(TC514273BJ-80) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 
Read-Modify- Write, CXS" before R~A"5" refresh, 
RAS-only refresh, Hidden refresh, Write-Per- 
Bit and Fast Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package TC514273BJ : SOJ40-P-400 



ITEM 


TC514273BJ 


-70 


-80 


l RAC RAS Access Time 


70ns 


80ns 


^AA Column Address 
Access Time 


35ns 


40ns 


k:AC CAS Access Time 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A8 


Address Inputs 




Row Address Strobe 


UWB/UW 


Write Per Bit/Read/Upper Byte 
Write Input 


LWB/LW 


Write Per Bit/Read/Lower Byte 
Write Input 


DE 


Output Enable 


WM01~W16/I016 


Write Section/ Data Input/Output 


Vcc 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 

Plastic SOJ 











VccC 


1 


40 


3v S s 


wi/ioi[ 




39 


]W16/I016 


W2/I02[ 




38 


]W15/I015 


W3/I03[ 


4 


37 


]W14/1014 


W4/IO< 


S 


36 


]W13/1013 


VccC 


6 


35 


]v» 


WS/I05C 


7 


34 


]W12/I012 


W6/)06[ 


8 


33 


]W1 1/1011 


W7/I07[ 


9 


32 


]W10/I010 


W8/I08[ 


10 


31 


] W9/109 


N.C.[ 


11 


30 


]n.c. 


LWB/LWC 


12 


29 


]n.c. 


UW8/UW[ 


13 


28 


]CAS 


RAS[ 


14 


27 


36T 


N.C[ 


15 


26 


]A8 


A0[ 


16 


25 


]A7 


A1[ 


17 


24 


]A6 


A2[ 


18 


23 


3 as 


A3[ 


19 


22 


]A4 


Vcc[ 


20 


21 


3v„ 
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BLOCK DIAGRAM 



ii 



VOLTAGE DOWN 
CONVERTER 



IWMWO- 



UWB/UW O- 



AO O* 

A1 O*- 

A2 O*- 
A3 

A4 0-»- 

A5 0*> 

A6 O-*- 

A7 0+- 

A8 O*- 



W2/I02 
O 

W 1/10 1 " W3/I03 T W5/IOS 



mm? , 

V — v > 



DATA IN 
BUFFERS 



WRITE PER BIT 
CONTROLLER 



V 



RAS"0-» 



COLUMN 
ADDRESS 
BUFFERS (9) 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (9) 



ROW 
ADDRESS 



J BUFFERS (9) 



N0.1 CLOCK 
GENERATOR 



DATA OUT 
BUFFERS 

8 



N0.4 CLOCK 
GENERATOR 



rr 



NO. 3 CLOCK 
GENERATOR 



N0.2 CLOCK 
GENERATOR C 



1 



oo 

ecu 



or 



W10/1O10 W12/I012 W14/1014 W16/1016 
Q O O O 

f if TIT i 

— 



DATA OUT 
BUFFERS 



Vcc 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



MEMORY 
ARRAY 
512x512x16 



SUBSTRATE BIAS 
GENERATOR 



3£ 



DATA IN 
BUFFERS 



WRITE PER BIT 
CONTROLLER 



16 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V cc +0.5 


V 




Output Voltage 


V OUT 


— 0.5~V cc +0.5 


V 




Power Supply Voltage 


V C c 


— 0.5-7.0 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


700 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




Vcc+0.5 


V 


2 


Vil 


Input Low Voltage 


-0.5* 




0.8 


V 


2 



*-2.0V at pulse width < 20ns 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KS5, CAS, Address Cycling: t RC =t RC MIN.) 


TC514273BJ-70 




100 


mA 


3,4 
5 


TC514273BJ-80 


- 


85 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KAS=CA5=V IH ) 




2 


mA 




!CC3 


KA5 ONLY REFRESH CURRENT Average 
Power Supply Current, RAS Only Mode 
(RKS Cycling, CA5=V IH : t RC =t RC MIN.) 


TC514273BJ-70 




100 


mA 


3,5 


TC514273BJ-80 




85 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS" =V IL , CXS.Address Cyclingitp^tpcMIN.) 


TC514273BJ-70 


- 


70 




3,4 
5 


TC514273BJ-80 


d 


60 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RA5=C755=V CC -0.2V) 




1 


mA 




I 

CC6 


CAT? BEFORE"KA5 REFRESH CURRENT 


TC514273BJ-70 




100 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (KA"S\ CAS.Cycling: t RC =tpc MIN.) 


TC514273BJ-80 




85 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^Vjn^Vcc All Other Pins Not Under Test=0V) 


-10 


10 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT <V cc ) 


-10 


10 


uA 




V H 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




v 0L 


OUTPUT CURRENT 

Output "L" Level Voltage (I oux =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC514273BJ 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


130 




150 




ns 




*RMW 


Read-Modify- Write Cycle 


185 




205 




ns 




l PC 


Fast Page Mode Cycle Time 


45 




50 




ns 




l PRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 




105 




ns 




l RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


9,14,15 


*CAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


*AA 


Access Time from Column Address 




35 




40 


ns 


9,15 


*CPA 


Access Time from CAS Precharge 




40 




45 




9 


^CLZ 


CM to Output in Low-Z 


o 









ns 


9 


^OFF 


Output Buffer Turn-off Delay 


o 


15 


o 


15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 




tjy> 


RAS Presharge Time 


50 




60 




ns 




^RAS 


RM Pulse Width 


70 


10,000 


80 


10,000 


ns 




^RASP 


KM Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




^RSH 


RM Hold Time 


20 




20 




ns 




l RHCP 


RM Hold Time FromTM 
Precharge (Fast Page Mode) 


40 




45 




ns 




tcSH 


CM Hold Time 


70 




80 


_ 


ns 




tcAS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


KM to CM Delay Time 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 




CM to KM Precharge Time 


5 




5 




ns 




tcp 


CM Precharge Time 


10 




10 




ns 




*ASR 


Row Address Set-Up Time 





- 





- 


ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




tRCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


l WCH 


Write Command Hold Time 


15 




15 




ns 




%P 


Write Command Pulse Width 


15 




15 




ns 




l RWL 


Write Command to KM Lead Time 


20 




20 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



^YMROT 


PARAMFTFR 

IT/V^/VlVlCr 1 l-ilx 


TC514273BJ 




iiuiivO 


-70 


-80 


A/fTM 
JYUIN 


\A A Y 


MlIN 


WAV 

MM 


tcWL 


W1ILC \^UliJillanU IU l^rvO i-jCaU lime 


ZU 




ZU 




ns 




l DS 




U 




U 




ns 


19 


f 

l DH 


T">ntn HnlH Timp 
UalU flUlU 1 1111C 


1 c 

13 




1 c 
10 




ns 


19 
1Z 


l REF 


DAftvch Pari r\r\ 




8 




8 


ms 




l WCS 


WlllC V^UIlllllallU OCL~ULI 11111C 





- 





- 


ns 




k:WD 


CAS to WE Delay Time 


50 


- 


50 


- 


ns 


13 


l RWD 


KM to WE Delay Time 


100 


- 


110 


- 


ns 


13 


l AWD 


Column Address to WE Delay Time 


65 


- 


70 


- 


ns 


13 


tcPWD 


CAS Precharge to WEDelay Time 


70 


- 


75 


- 


ns 


13 


tcSR 


CAS Set-Up Time (CAS before RAS Cycle) 


5 


- 


5 


- 


ns 




tCHR 


CAS Hold Time (CAS before RAS Cycle) 


15 


- 


15 


- 


ns 




l RPC 


RAS to CAS Precharge Time 


5 


- 


5 


- 


ns 




krPT 


CAS Precharge Time (CAS before RAS 

V^UUUICI 1CM y^jK/lC) 


30 


- 


30 


- 


ns 




*ROH 


R AC HnlH Timp rpfprpnrpH to 77P" 


in 

1U 




in 

1U 




ns 




K)EA 


7Tt7 Apppcc TTmp 

/\^CCSo 1 1111G 




9n 
zu 


U 


9n 
zu 


ns 


q 


K)ED 




9n 
zu 




on 
ZU 




ns 




K5EZ 


l^FUlLJul UU11C1 IU1I1 Ull UClay 11111C 1IUI11 WL 


o 


20 


o 


20 


ns 


m 

1U 


k)EH 


OH PnmmnnH HnlH Time 
uc \^uiiiiiiaiiu nuiu lime 


20 




20 




ns 




k)DS 


Output Disable Set-Up Time 












ns 




l MCS 


Masked Write Set-Up Time 












ns 




l MRH 


Masked Write Hold Time referenced to RAS 












ns 


16 


l MCH 


Masked Write Hold Time referenced to CAS 












ns 


16 


l WBS 


Write Per Bit Set-Up Time 












ns 




l WBH 


Write Per Bit Hold Time 


10 




10 




ns 




l WDS 


Write Per Bit Selection Set-Up Time 












ns 




l WDH 


Write Per Bit Selection Hold Time 


10 




10 




ns 





CAPACITANCE (V cc = 5V ± 10%,f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 




Input Capacitance (A0~A8) 




5 


pF 


c I2 


Input Capacitance (RAS, CAS, UWB/UW, LWB/LW,0E)) 




7 


pF 


Co 


Input Capacitance (W1/I01-W16/I016) 




7 


pF 



A-398 



TOSHIBA AMERICA ELECTRONIC COMPONENTS INC 



TC514273BJ-70/80 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3 - Icci. ! CC3' I cc4> !cc6 depend on cycle rate. 

4- Icci- Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of 1^4, it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tj^ must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to (UWB/) UW, 
(LWB/) EW leading edge in Read-Modify- Write cycles. 

13- t wcs , t RWD , tcwu, t AWD and tcp^ are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and tc PW p>tcpwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^o (max.) limit insures that t^c (max.) can be met. t^j^ (max.) is specified as 
a reference point only: If t^D is greater than the specified t^D (max.) limit, then access time is 
controlled by t^. 

16. Either t MCH or t MRH must be satisfied for a byte write cycle. 
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READ CYCLE 




WI/101 V 0H 
~W16/I016 



Note: D\x = OPEN 

WRITE CYCLE (EARLY WRITE) 



: "H* or "L" 



ess 



DW5/0W. v 'h 

iwb/lw v, L 



Of 




WI/101 V|H — p 



: 'H" or "L" 



Note: Dqut = OPEN 
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READ-MODIFY- WRITE CYCLE 



*RMW 




: "H* or "L* 
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Note: Dqot = OPEN 



"H" or "L* 



TC514273BJ-70/80 



FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 




D OU T = OPEN 



TC514273BJ-70/80 




TAOUID A A 111 



A A ^ ^ 



TC514273BJ-70/80 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




: "H* or "f 
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A A< A 



TC514273BJ-70/80 




CSS BEFORE KS3 REFRESH CYCLE 




Note: OwB/UW, LWB/LW, 5?. A0-A8= "H" or "L* 
Din = Don't Care 



"H" or "L" 



■ LIS* 



A_>HK 
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HIDDEN REFRESH CYCLE (READ) 










tCAC, 






is. 




W1/I01 v °h 






-W16/IOJ6 v i 











DATA-OUT 



5" 



Note: D| N = OPEN 



: "H* or "L" 



HIDDEN REFRESH CYCLE (WRITE) 



Ra5 



OB 



A0~A8 



UW8/UW, v ih 
IWMW 



or 



W1/101 v ih — 5 
-WIS/1016 v, L 




Note: Dqut » OPEN 



"H* or "V 
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Note : D, N (W 1/10 1 -W8/I08) = Don't Care 
Oqut = OPEN 



"H* or "L" 
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CS3 BEFORE K55 REFRESH COUNTER TEST READ-MODIFY- WRITE CYCLE 




A-420 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 



TC5118160AT/AFT-70/80 



1,048,576 WORD X 16 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5118160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 
TC51 18160 AJ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5118160AJ/AFT to be packaged in 42 pin plastic SOJ. The package provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V±10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 



FEATURES 

• 1 ,048,576 word by 1 6 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V±10% with a built- 
in V BB generator 

• Low Power 

770mW MAX. Operating 
TC5 1 181 60AJ/AZ/AFT/ATR-70 

660mW MAX. Operating 
(TC51 18160AJ/AZ/AFT/ATR-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two di- 
mensional chip selection 

• Read-Modify- Write, CAU before KA"S" refresh, 
RAS-only refresh, Hidden refresh and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package 

TC5118160AJ :SOJ42-P-400 
TC5118160AFT :TSOP50-P-400 



KEY PARAMETERS 



ITEM 


TC5118160AJ/AFT 


-70 


-80 


*RAC Access Time 


70ns 


80ns 


*AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAS Access Time 


20ns 


20ns 


l RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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II 



PIN NAME 



AA AO 


Address Inputs 


n a c 

KAo 


Row Address Strobe 


T Tf 1 A C 


Column Address Strobe 
/Upper Byte Control 


ECAS" 


Column Address Strobe 
/Lower Byte Control 


WRITE 


Read/Write Input 


OE 


Output Enable 


I/01-I/016 


Data Input/Output 


V cc 


Power ( + 5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 
Plastic SOJ 



VccC 


1 


42 




v$$ 


1/01 r 


2 


41 


■ 


1/016 


I/02L 


3 


40 




1/015 


1/03 r 


4 


39 


■ 


1/014 


1/04 L 


5 


38 




1/013 


VccL 


6 


37 




Vss 


1/05 L 


7 


36 




1/012 


1/06 r 


8 


35 


■ 


1/011 


1/07 r 


9 


34 




I/0 10 


1/08 r 


10 


33 




1/09 


nc r 


11 


32 




NC 


NCL 


12 


31 




WS 


WRITE L 


13 


30 








14 


29 


■ 


0? 




15 


28 




A9 


NCL 


16 


27 




A8 


Aor 


17 


26 


■ 


A7 


ai r 


18 


25 


■ 


A6 


A2 L 


19 


24 




AS 


A3 L 


20 


23 




A4 


VccL 


21 


22 




v$s 



Plastic TSOP 



Vcc9 
1/01 
1/02 C 
1/03 C 
1/04 C 

1/06 d 8 
1/07 C 9 
I/08C 
NCC 



NCC 

NCC 

WRITE C 

KaTC 

NC 
NC 
AO 
A1 
A2 
A3 
V C C 
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BLOCK DIAGRAM 



1/02 



1/01 



Vcc Vss 



1/04 1/06 1/08 

o o o 

1/03 A 1/05 A 1/07 v 



VOLTAGE DOWN 
CONVERTER 



DATA IN 
BUFFERS 



WRITE O- 




St 



DATA OUT 
BUFFERS 



UCAS* 

ro5 



N0.2 CLOCK 
GENERATOR 



AO 0*> 
A1 O* 
A2 O*- 
A3 O*- 
A4 0»- 
A5 &*■ 
A6 O*- 
A7 O*- 
A8 0+- 
A9 O*- 



3 



COLUMN 
ADDRESS 
BUFFERS (10) 



REFRESH 
CONTROLLER 

i 



10 



J 



REFRESH 
COUNTER (10) 



ROW 
ADDRESS 
'A BUFFERS (10) 

1 



N0.1 CLOCK 
GENERATOR 



5o 

oo 



OT 



1/09 



I/0 10 I/0 12 1/014 1/016 
O ..-,.Q Q O 



I/011I 1/013 1 1/015 



DATA OUT 
BUFFERS 



I 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



MEMORY 
ARRAY 
1024x1024x16 



16 



DATA IN 
BUFFERS 



SUBSTRATE BIAS 
GENERATOR 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RANGES 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~Vcc + 0.5 


V 




Output Voltage 


V OUT 


— 0.5~Vcc + 0.5 


V 




Power Supply Voltage 


V CC 


— 0.5-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


TsTG 


—55-150 


°c 




Soldering Temperature •Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


900 


mW 




Short Circuit Ouput Current 


Wt 


50 


mA 





♦This parameter is periodically sampled and is not 100% tested, 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°c) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vm 


Input High Voltage 


2.4 




Vcc+0.5* 


V 


2 


Vil 


Input Low Voltage 


—0.5** 




0.8 


V 


2 



*V CC + 2.0V at pulse width £ 20ns. (pulse width is measured at Vcc). 
**-2.0V at pulse width <, 20ns. (pulse width is measured at OV) 



D.C. OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 




OPERATING CURRENT 

Average Power Supply Operating Current 

(KAS, CAS, Address Cycling: t RC =tRc MIN.) 


TC5118160AJ/AFT-70 




140 






I 

CCl 


TC5118160AJ/AFT-80 


- 


120 


mA 


3,4 
5 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CAS=V IH ) 




2 


mA 






KA5 ONLY REFRESH CURRENT Average 
Power Supply Current, 5555 Only Mode 
(HAS Cycling, CXS=V IH : t RC =t RC MIN.) 


TC5118160AJ/AFT-70 




140 






!CC3 


TC5118160AJ/AFT-80 




120 


mA 


3,5 




FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RSS =V IL ,TA5, Address Cyclingitpc^pc MIN.) 


TC5118160AJ/AFT-70 




75 






I 

CC4 


TC5118160AJ/AFT-80 


- 


65 


mA 


3,4 
5 


r cC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RAT5=CXS=V CC -0.2V) 




1 


mA 






CATS BEFORET57C5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (KAS, CAS, Cycling: t RC =t RC MIN.) 


TC5118160AJ/AFT-70 




140 






I 

CC6 


TC5118160AJ/AFT-80 




120 


mA 


3,5 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^Vjn^.SV, All Other Pins Not Under Test=0V) 


-10 


10 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(Dour is disabled, 0V <V OUT <5.5V) 


-10 


10 


uA 




V OH 


OUTPUT CURRENT 

Output "H" Level Voltage (I OUT =-5mA) 


2.4 




V 




Vol 


OUTPUT CURRENT 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6, 7, 8) 



SYMBOL 


PARAMETER 


TC5118160AJ/AFT 


UNIT 


NOTE 


—70 


—80 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Random Read or Write Cycle Time 


130 


— 


150 


— 


ns 




*RMW 


Read-Modify-Write Cycle Time 


180 


— 


200 


— 


ns 




tpc 


Fast Page Mode Cycle Time 


45 


— 


50 


— 


ns 




l PRMW 


Fast Page Mode Read-Modify-Write Cycle Time 


90 


— 


100 


— 


ns 




l RAC 


Access Time from RAS 




IK) 




oU 




9, 14, 
15 


k:AC 


Access Time from CAS 


— 


20 


— 


20 


ns 


9, 14 


l AA 


Acess Time from Column Address 


— 


35 


— 


40 


ns 


9, 15 


*CPA 


Access Time from CAS Precharge 


— 


40 


— 


45 


ns 


9 




CAS to ouput in Low-Z 





— 





— 


ns 


9 


•off 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


*RP 


RAS Precharge Time 


50 


— 


60 


— 


ns 




l RAS 


RSS Pulse Width 


70 


10,000 


80 


10,000 


ns 




*RASP 


KAS Pulse Width (Fast Page Mode) 


70 


200,000 


80 


200,000 


ns 




*RSH 


HAS Hold Time 


20 


— 


20 


— 


ns 




l RHCP 


RSS Hold Time From CAS Precharge (Fast Page Mode) 


40 


— 


45 


— 


ns 




tcSH 


CAS Hold Time 


70 


— 


80 


— 


ns 




tcAS 


CAS Pulse Width 


20 


10,000 


20 


10, (XX) 


ns 




l RCD 


RM to CAS Delay Time 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 


tcRP 


CM to RAS Precharge Time 


5 


— 


5 


— 


ns 




tcp 


CAS Precharge Time 


10 




10 




ns 




l ASR 


Row Address Set-Up Time 












ns 




'rah 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


15 




15 




ns 




l RAL 


Column Address to RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5118160AJ/AFT 


UNIT 


NOTE 


—70 


—80 


MIN. 


MAX. 


MIN. 


MAX. 


l WCH 


Write Command Hold Time 


15 


— 


15 


— 


ns 




l WP 


Write Command Pulse Width 


15 


— 


15 


— 


ns 




l RWL 


Write Command to RAS Lead Time 


20 


— 


20 


— 


ns 




km. 


Write Command to CAS Lead Time 


20 




20 




ns 




l DS 


Data Set-Up Time 














ns 


12 


l DHS 


Data Hold Time 


15 




15 




ns 


12 


l REF 


Refresh Period 




16 




16 


ms 




*wcs 


Write Command Set-Up Time 












ns 


13 


tc\VD 


CAS to WRITE Delay 


45 


— 


45 


— 


ns 


13 


tRWD 


RAS to WRITE Delay 






in^ 




ns 


13 


*AWD 


Column Address to WRITE Delay Time 


OU 








ns 


13 


*cpwd 


CAS Precharge to WRITE Delay lime 


Oj 




f\j 






13 


k:sr 


CAS Set-T In Timp 

(CM before"RA"S Cycle) 


5 


— 


5 


— 


ns 




tcHR 


CSS" Hold Time 

(CAS before"RAS Cycle) 


15 




15 




ns 




*RPC 


KA~5 to CM Precharge Time 


5 




5 




ns 




tcPT 


CAS Precharge Time (CAS before RAS Counter Test 
Cycle 


30 




30 




ns 




l ROH 


RAS Hold Time referenced to DE 


10 




10 




ns 




k)EA 


DE Access Time 




20 




20 


ns 




k>ET> 


OE to Data Delay 


15 




15 




ns 




k)EZ 


Output buffer turn off Delay Time from DE 





15 





15 


ns 


10 


k>EH 


DE Command Hold Time 


15 




15 




ns 




k)DS 


Output Disable Set-Up Time 












ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, TA = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance(A0~A9) 




5 


pF 


C I2 


Input Capacitance (RAS, UCAS, LCAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (1/01-1/016) 




7 


P F 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Iccn l ca> I cc4- l cce depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t PC ). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t OFF (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or t RRH must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify- Write cycles. 

1 3 . t W cs ' tRWD< tcwD' Uwd and krpwD a 1 ® not restictive operating parameters . They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), t AWD >t AWD (min.) and t CPW p>t CPWDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^j^ (max.) limit insures that tj^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If tj^D is greater than the specified tj^o (max.) limit, then access time is 
controlled by t^. 
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READ-MODIFY- WRITE CYCLE 



tRMW 




"H" or "L" 



Note: D| N (I/0 1~ 1/08) = Don't Care 
Dout(I/01~I/08) =OPEN 
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FAST PAGE MODE READ CYCLE 



Ka5 



V&S, 



tea 

-> t«AH 



lCS5 V, L J tgAJi 



t »ASP 



tRCD 



A0-A9 



WRITE 



_t£P_ 




-1/016 VoL 



Note: D| N = OPEN 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



MS 



V,H ~ 

V(L 



tCRP 



V|H' 



TC55, 

l2a5 V|L - / tR AH 



A0-A9 



tRASP 



tpc *PC ^ 

to ■ tcp t Vp t . t RSH t top 



write 




1/01 v,„ 

-1/016 



Note: Dqut = OPEN 



"H* or "L" 
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FAST PAGE MODE BYTE READ CYCLE 



UCS5 



UC3 



A0~A9 



WRITE 




/01 


V H 






-1/08 


Vol — 


, tRAC 










tCAC* 


/09 


Vqh — 







-1/016 vol — 

Note: 0| N * OPEN 



A AAf\ 



TACIHDA AIICniOA CI CrTDnMlf milD/MklEMTC IMS* 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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FAST PAGE MODE BYTE READ-MODIFY- WRITE CYCLE 

Jfi&SE - 




1/09 
-1/016 
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Note: WRITE. T5Z. A0~A9= "H* or "L" 
D| N = Don't Care 

CA5 before RAS refresh is performed when either UCAS or LCAS meett this timing. 
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TC5118160AT/AFT-70/80 



C5S BEFORE RSS REFRESH COUNTER TEST READ CYCLE 




Note: D| N -OPEN : "H* or "L* 

€55 BEFORE K55 REFRESH COUNTER TEST WRITE CYCLE 



Viu 

t05 v, t 






tos 




tOH 










DATA-IN 





Note: Dqut-OPEN 



: "H* or "L* 
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€X5 BEFORE R5S REFRESH COUNTER TEST READ-MODIFY- WRITE CYCLE 
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1,048,576 WORD X 16 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5116160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 
TC5116160AJ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC5 1 16160AJ/AFT to be packaged in a standard 42 pin plastic SOJ, 
and 50/44 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
5V± 10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 

• 1,048,576 word by 16 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built- 
in V BB generator 

• Low Power 

523mW MAX. Operating 
(TC5116160AJ/AFT-60) 
440mW MAX. Operating 
(TC5116160AJ/AFT-70) 
385mW MAX. Operating 
(TC5116160AJ/AFT-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

• Read -Modify- Write, CA"S" before R"55" refresh, 
RAS-only refresh, Hidden refresh, and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 

• 4096 refresh cycles/1 6ms 

• Package TC5116160AJ : SOJ42-P-400 

TC5116160AFT : TSOP20-P-400 



KEY PARAMETERS 



ITEM 


TC5116160AJ/AFT 


-60 


-70 


-80 


*RAC KA~5 Access Time 


60ns 


70ns 


80ns 


^AA Column Address 
Access Time 


30ns 


35ns 


40ns 


*CAC CAS Access Time 


15ns 


20ns 


20ns 


*RC Cycle Time 


110ns 


130ns 


150ns 


tpC Fast Page Mode 
Cycle Time 


40ns 


45ns 


50ns 



TnCHIRA AMPRIC A PI PCTRONIC COMPONENTS. INC. 



A-449 



TC51161610AJ/AFT-60/70/80 



PIN NAME 



A0~A11 


Address Inputs 




Row Address Strobe 


UCAS 


Column Address Strobe /Upper 
Byte Control 


LCKS 


Column Address Strobe /Lower 
Byte Control 


WRITE 


Read/Write Input 


OE 


Output Enable 


I/01-I/016 


Data Input/Output 


V CC 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 



Vcc 
1/01 
1/02 
1/03 
1/04 

Vcc 
1/05 
1/06 
1/07 
1/08 
NC 
NC 
WRITE 

*a? 

A11R 
A10R 
AO 
A1 
A2 
A3 

Vcc 



Plastic SOJ 


i 


42 


2 


41 


3 


40 


4 


39 


5 


38 


6 


37 


7 


36 


8 


35 


9 


34 


10 


33 


11 


32 


12 


31 


13 


30 


14 


29 


15 


28 


16 


27 


17 


26 


18 


25 


19 


24 


20 


23 


21 


22 



v$s 

1/016 

1/015 

1/014 

1/013 

Vss 

1/012 

1/011 

I/0 10 

1/09 

NC 

DCAT 

OT 

A9R 

A8R 

A7 

A6 

A5 

A4 



Plastic TSOP 



vccg 

1/01 
1/02 C 
1/03 C 4 
1/04 C 5 
V C rC6 
1/05 C 
1/06 C 8 



1/07 C 
1/08 C 
NCC 



NCC 


15 


NCC 


16 


WHITE C 
J&St 


17 
18 


A11R C 


19 


A1UR C 


2U 


AOG 


21 


A1 C 


22 


A2C 


23 


A3 C 


24 


v cc c 


25 



9 

10 
11 



50 3 V SS 
49 31/016 
48 31/015 
47 3 1/014 
4631/013 
45 3 V<s 
44 31/012 
43 31/011 
42 3I/O10 
41 31/09 
403 NC 



36 3 NC 
35 ] LCAT 



:8P 



34 3 
33 3 
32 3A9R 



3A3R 
3A7 



29 3A6 
28 3 AS 
27 3A4 
26 3 V $S 
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BLOCK DIAGRAM 



1/01 1/012 1/014 1/016 
q P O Q 



Vcc Vss 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V cc +0.5 


V 




Output Voltage 


VoUT 


— 0.5~V cc +0.5 


V 




Power Supply Voltage 


V CC 


— 0.5-7 


V 




Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-150 


°C 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


P D 


900 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




Vcc+0-5* 


V 


2 


Vil 


Input Low Voltage 


-0.5** 




0.8 


V 


2 



*V C c+2.0V at pulse width s 20ns (pulse width measured at Vcc)- 
**-2.0V at pulse width ^Ons (pulse width measured at V cc ). 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


l 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA~5,"CA"5, Address Cycling: t RC =t RC MIN) 


TC5 116 10AJ/AZ/AFTAFTR-60 




95 


mA 


3,4 
5 


TC5 1 1610AJ/AZ/AFTAFTR-70 


- 


80 


TC5 1 1610AJ/AZ/AFTAFTR-80 




70 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA"S"=Cfi5=V IH ) 




2 


mA 




1 

CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RMCycling,"CSS=Vi H : t RC =t RC MIN.) 


TC5 1 1 6 1 OAJ/AZ/AFTAFTR-60 




95 


mA 


3,5 


TC5 1 161 AJ/AZ/AFTAFTR-70 


- 


80 


TC5 1 1 6 1 0AJ/AZ/AFTAFTR-80 




70 


1 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA"5 =Vi L ,~CKS, Address Cycling: tp^tpc MIN.) 


TC5 1 1 6 1 OAJ/AZ/AFTAFTR-60 




75 


mA 


3,4 
5 


TC5 1 1 6 1 AJ/AZ/AFTAFTR-70 




65 


TC5 1 1610AJ/AZ/AFTAFTR-80 




55 


1 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RA3=CA"5=V CC -0.2V) 




1 


mA 




1 

CC6 


CA"5 BEFORE"KA5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (KA"5, CAS", Cycling: t RC =t RC MIN.) 


TC5 1 1 6 1 OAJ/AZ/AFTAFTR-60 




95 


mA 


3,5 


TC511610AJ/AZ/AFTAFTR-70 




80 


TC511610AJ/AZ/AFTAFTR-80 




70 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV<VrN^0.5V, All Other Pins Not Under Test=OV) 


-10 


10 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, (OV<TV OUT <5.5V), 


-10 


10 


uA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (lour=-5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (\oui=4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5 1 1 6 1 A J/AZ/AFTAFTR 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


4iC 


Random Read or Write Cycle Time 


110 




130 




150 




ns 




*RMW 


Read-Modify- Write Cycle 


135 




155 




175 




ns 






Fast Page Mode Cycle Time 


45 




45 




50 




ns 




tpRMW 


Fast Page Mode Read-Modify- 
Write Cycle Time 


70 




70 




75 




ns 




l RAC 


Access Time from RAS 




60 




70 




80 


ns 


9,14, 
15 


*CAC 


Access Time from CAS 


- 


15 


- 


20 


- 


20 


ns 


9,14 


Ua 


Access Time from Column Address 




30 




35 




40 


ns 


9,15 


*CPA 


Access Time from CAS Precharge 




35 


_ 


40 




45 




9 


UZLZ 


CM to Output in Low-Z 





_ 





. 





. 


ns 


9 


■off 


Output Buffer Turn-off Delay 





15 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


*RP 


RAS Presharge Time 


40 




50 




60 




ns 




l RAS 


KM Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




^RASP 


RAS Pulse Width (Fast Page Mode) 


60 


900 000 


70 


200 000 


80 


200 000 


ns 




*RSH 


RAS Hold Time 


15 




20 




20 




ns 




l RHCP 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


35 




40 




45 




ns 




k:sH 


CAS" Hold Time 


60 




70 


_ 


80 


_ 


ns 




k;AS 


CM Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


ns 




l RCD 


KM to CM Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


*RAD 


RAS to Column Address Delay 
Time 


15 


30 


15 


35 


15 


40 


ns 


15 


k:RP 


CM to KM Precharge Time 


5 


- 


5 




5 


- 


ns 




*cp 


CM Precharge Time 


10 




10 




10 




ns 




l ASR 


Row Address Set-Uup Time 

















ns 






Row Address Hold Time 


10 




10 




10 




ns 




l ASC 


Column Address Set-Up Time 


















ns 




tcAH 


Column Address Hold Time 


10 




15 




15 




ns 




l RAL 


Column Address To RAS Lead 
Time 


30 




35 




40 




ns 




*RCS 


Read Command Set-Up Time 

















ns 




tRCH 


Read Command Hold Time 

















ns 


11 


tRRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5 1 1 6 1 AJ/AZ/AFTAFTR 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


%CH 


Write Command Hold Time 


10 




15 




15 




ns 




*WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


i s 












ns 




tcWL 


Write Command to CAS Lead Time 


15 


- 


20 


- 


20 


- 


ns 




*DS 


Data Set-T In Time 

















ns 


12 


*DH 


Data Hold Time 


10 




15 




15 




ns 


12 


l REF 


Refresh Period 




64 




64 




64 


ms 




%CS 


Write Command Set-Up Time 

















ns 


13 


tcWD 


CAS to WRITE Delay Time 


40 


_ 


45 


_ 


45 


_ 


ns 


13 


l RWD 


RAS to WRITE Delay Time 


85 


- 


95 


- 


105 


- 


ns 


13 


l AWD 


Column Address to WRITE Delay 
Time 


55 




60 




65 




ns 


1 1 


k:PWD 


CAS Precharge to WRITE Delay 
Time 


60 


- 


65 


- 


70 


- 


ns 


13 


k:SR 


CSS Set-up Time 
(CSS before ESS Cycle) 


5 




5 




5 




ns 




^CHR 


CM Hold Time 
(CSS before ESS Cycle) 


10 




15 




15 




ns 




l RPC 


KA"S to CSS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




tcPT 


CSS" Precharge Time 

(CSS before RSS Counter Test 

Cycle 


20 




30 




30 




ns 




l ROH 


RAS Hold Time referenced to OE 


10 




10 




10 




ns 




toEA 


DE Access Time 




15 




20 




20 


ns 




k>ED 


DE to Data Delay 


15 




15 




15 




ns 




k)EZ 


Output buffer turn off Delay Time 
fromOE 





15 





15 





15 


ns 


10 


toEH 


Output Hold Time 


15 




15 




15 




ns 




toDS 


Output Disable Set-up Time 

















ns 





CAPACITANCE (V cc = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (A0~ A 11) 




5 






Input Capacitance (RSS, UCAS, LCAS, WRI TE, DE) 




7 


Co 


Input Capacitance (I/01-I/016) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- I C ci> k:c3> I<X4. !cc6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while KXS^Vjl. In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tj-=5ns. 

8. V ffl (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vj H and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify- Write cycles. 

13. %cS' tRWD> tcwD' *awd m< ^ *cpwd ^ not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD-tcwD (min.), t AWD >t AWD (min.) and tcpwp^cpwD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^o (max.) limit insures that t^c (max.) can be met. t^jj) (max.) is specified as 
a reference point only: If tj^rj is greater than the specified t^D (max.) limit, then access time is 
controlled by t^. 
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TIMING WAVEFORMS 
READ CYCLE 




UCS5, 
ICS v 1L 



A0-A7 



A8R~ V, H — ^ 
A11R 



WRITE 



1/01 v oh — 
-1/016 v 0L 



Note: D, N = OPEN 



"H" or "I" 
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UPPER BYTE READ CYCLE 



A0-A7 




1/01 V 0H 

-1/08 v OL — " 



1/09 V 0H 

-1/016 v OL — 



Note: D| N (1/01 -I/08) = Don't Care 
D, N (1/09-1/016) =0PEN 



"H* or "1* 
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FAST PAGE MODE READ CYCLE 



V|H— -* 
VlL 



D55S, 



ros v 1L — J 



tRASP 



U lE£ »4« !££ »j L-JfiSH „ tcRP 

TO ■ . ttP i tRHCP . J 

^SJ& — H C S 1 > I , i « »| 'J-I-— 



A0-A7 




WRITE 



1/01 

-1/016 v 0L — 



Note: 0| N ■ OPEN 



"H" or "l" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

*BASP 

V| H — " 



TK5 



VlL 



tC55 V|L — ^ t »Aii 



Jcrp 

-/ tRAM 



1^ 



A0-A7 




1/01 V, H — 
~ 1/016 ^ 
Vil 



Note: D OU t ■ OPEN 



: "H" or "I" 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




"H* or "I" 
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FAST PAGE MODE BYTE READ-MODIFY- WRITE CYCLE 
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R5S ONLY REFRESH CYCLE 




CSS BEFORE R5S REFRESH CYCLE 



tRC 




D| N a> Don't Care 

255 before KA5 refresh is performed when either UCAS or LCAS meets this timing. 
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CS5 BEFORE RSS REFRESH COUNTER TEST READ CYCLE 
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€55 BEFORE K55 REFRESH COUNTER TEST WRITE CYCLE 




A0-A7 



WRITE 



V|H 



OC v IH 



-1/016 



VlL 

























tos 


« tDH » 







Note: A8R~A11R«"H*or"L" 
Dqut = OPEN 
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1,048,576 WORD X 18 BIT DYNAMIC RAM 



DESCRIPTION 

The TC5118180AJ/FT is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 
TC5118180AJ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5118180AJ/AFT to be packaged in a standard 40 pin plastic SOJ, and 50/44 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 



FEATURES 



KEY PARAMETERS 



1,048,576 word by 4 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

825mW MAX .Operating 

(TC5118180AJ/AFT-70) 

715mW Max. Operating 

TC5118180AJ/AFT-80 

5.5mW Max. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read-Modify- Write, CSS" before KATJ refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Moode capability 

All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package TC5118180AJ : SOJ42-P-400 
TC5118180AFT : TSOP50-P-400 



ITEM 


TC5118180AJ/AFT 


-70 


-80 


*RAC Access Time 


70ns 


80ns 


^AA Column Address 
Access Time 


35ns 


40ns 


*CAC CAS Access Time 


20ns 


20ns 


*RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 
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PIN NAME 



A0-A9 


Row Address Strobe 




Row Address Strobe 


UCAS 


Upper Byte Control 


LCAS 


Lower Byte Control 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/018 


Data Input/Output 


V CC 


Power (+ 5V) 


V ss 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 
Plastic SOJ 



Plastic TSOP 



1 


42 


2 


41 


3 


40 


4 


39 


5 


38 


6 


37 


7 


36 


8 


35 


9 


34 


10 


33 


11 


32 


12 


31 


13 


30 


14 


29 


15 


28 


16 


27 


17 


26 


18 


25 


19 


24 


20 


23 


21 


22 



vccg 

1/01 
I/02 C 
I/03 C 
I/04 C 

V C « 
I/O! 
I/06C 
I/07 C 
I/08C 
I/09C 



NC C 

NC C 

WRITE 
raTc 

NC C 

NC C 

AO 

A1 

A2 

A3 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 



15- 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



50 3 V SS 
49 3 1/018 
48 3 1/017 
47 3 1/016 
46 3 1/015 
45 3 V ss 
44 3 1/014 
43 31/013 
42 31/012 
41 31/011 
40 3I/O10 



36 3 NC 
35D EGA? 
34(3 UCA5 
33POT 
I A9 
lpA8 
A7 
29DA6 
28 3A5 
27 3 A4 
26 3 V SS 



32 3 

31 

30 3, 
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BLOCK DIAGRAM 



Vcc V$$ 



1/02 1/04 1/06 1/08 
l/OI ? 1/03? 1/05? 1/07? 1/09 

— V> 



1/011 1/013 1/015 1/017 
I/O10 A l/012?l/OM |l/016?l/018 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V CC + 0.5 


V 




Output Voltage 


V OUT 


— 0.5~V cc + 0.5 


V 




Power Supply Voltage 


V CC 


— 0.5-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


900 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vm 


High Level Input Voltage 


2.4 




Vcc+0-5* 


V 


2 


Vil 


Low Level Input Voltage 


-0.5** 




0.8 


V 


2 



* V CC + 2-OV at pulse width £ 20ns. (pulse width is measured at Vcc) 
** -2.0V at pulse width < 20hs. (pulse width is measured at 0V) 



D.C. OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTE 




OPERATING CURRENT 


TC5118180AJ/AFT-70 




150 




3,4 

c 

J 


l 

CCl 


Average Power Supply Operating Current 


TC5118180AJ/AFT-80 




130 


mA 




(RAS, UCAS, LCAS Addrs. Cycling: fcc^c MIN) 












STANBY CURRENT 












i 

CC2 


Power Supply Standby Current 






2 


mA 






(RS5=UCS5=ECS5=V rH ) 














WKS ONLY REFRESH CURRENT 


TC5118180AJ/AFT-70 




150 






1 

CC3 


Average Power Supply Current (RAS Only Mode 


TC5118180AJ/AFT-80 




130 


mA 


3,5 




(RAS, Cycling, U€AS,= EGAS V m : Irc^c MIN) 












FAST PAGE MODE CURRENT 


TC5118180AJ/AFT-70 




85 






1 

CC4 


Average Power Supply Current, Fast Page Mode 


TC5118180AJ/AFT-80 




75 


mA 


3, 4,5 




(RSS="Vm UCAS, CCSS Addrs.Cyclirig: tpc^ MIN) 












STANDBY CURRENT 












'cC5 


Power Supply Standby Current, 
(R1W=UCA3=ECSS= V cc -0.2V) 






1 


mA 






CAS BEFORE KA5 REFRESH CURRENT 


TC5118180AJ/AFT-70 




150 






1 

CC6 


Average Power Supply Current, CAS Before 


TC5118180AJ/AFT-80 




130 


mA 


3,5 




KA5 Mode (RAS, UCAS LCAS.Cycling: t RC =t RC 












INPUT LEAKAGE CURRENT 












1 

I(L) 


Input Leakage Current, any input 




-10 


10 


uA 






(OV< VrK< V cc , All Other Pins Not Under Test=OV 










1 

O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, < 0V^ V ijt ^ V cc 


-10 


10 


uA 




V H 


OUTPUT LEVEL 




2.4 




V 




(Output "H" Level Voltage ('our = 5mA) 










Vol 


OUTPUT LEVEL 






0.4 


V 




(Output "H" Level Voltage (' OUT = 4.2mA) 











CAPACITANCE *(T CC = 5V± 10%, f = 1MHz, Ta = 0~70°c) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


Cn 


Input Capacitance (AO ~A9) 




5 


pF 


Cj 2 


input Capacitance (RAS, UCAS, LCAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (I/01-I/018) 




7 


pF 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5118180AJ/AFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


ns 




*RMW 


Read-Modify- Write Cycle 


185 


- 


205 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


ns 




l PRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


100 


- 


105 


- 


ns 




l RAC 


Access Time from RAS 


- 


70 


- 


80 


ns 


9,14,15 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,14 


l AA 


Access Time from Column Address 




35 




40 


ns 


9,15 




Access Time from CAS Precharge 




40 




45 




9 


*CLZ 


CSS" to Output in Low-Z 












ns 


9 


toFF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tRP 


RAS Presharge Time 


50 




60 




ns 




*ras 


KM Pulse Width 


70 


10,000 


80 


10,000 


ns 




*rasp 


KM Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


ns 




*RSH 


KM Hold Time 


20 




20 




ns 




l RHCP 


KM Hold Time FromTM 
Precharge (Fast Page Mode) 


40 




45 




ns 




tcSH 


CM Hold Time 


70 


- 


80 


- 


ns 




klAS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


KM to CM Delay Time 


20 


50 


20 


60 


ns 


14 


*RAD 


KM to Column Address Delay Time 


15 


35 


15 


40 


ns 


15 


k;RP 


CM to KM Precharge Time 


5 


- 


5 




ns 




*cp 


CM Precharge Time 


10 




10 




ns 




l ASR 


Row Address Set-Up Time 












ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




*ASC 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RRH 


Read Command Hold Time referenced to RAS 












ns 


11 


%CH 


Write Command Hold Time 


15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5118180AJ/AFT 


UNIT 


NOTES 


-70 


-80 


MIN 


MAX 


MIN 


MAX 


t\yp 


Write Command Pulse Width 


15 




15 




ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




ns 




tc\VL 


Write Command to CAS Lead Time 


20 




20 




ns 




*DS 


Data Set-Up Time 












ns 


12 


'dh 


Data Hold Time 


15 




15 




ns 


12 


*REF 


Refresh Period 




c 
o 




o 
o 


ns 




t\vcs 


Write Command Set-Up Time 


A 
V 




n 




ns 


13 




CA<5 to WRITF Delav Time 


jyj 




so 

JU 






13 


l RWD 


RA^ to WRTTP 1 Vlnv limp 

JV/YO WJ YY IX. J. L 1-j J-/C1CI Y 1 Ililt/ 


1 no 




1 in 






13 


*AWD 


fWlnnnii AHHrp«<i to WIP* DpIjiv Tim** 

V-ASIUUUI nuUi&da WJ YY I— < ± llllw 


03 




IK) 




ns 


13 


tcPWD 


C'A*^ Prprhnrap tn WRTTF 1 )p|»v Timp 

VAJ IT lCWllul gC WJ TT 1VL 1 !_/ L/VlUY X 1111& 


/u 




ij 




ns 


13 


k:sr 


fAC Spt-TIn Time <TA<5 before R A^ Cvrlel 


5 




5 










fAS Hold Time (CA*s hefnrp RAS fvplp^ 


15 




15 








*RPC 


RAS to CAS Precharge Time 


5 




5 




ns 




tCPT 


CSS Precharge Time (CAS" before KM 
Counter Test Cycle 


30 




30 




ns 




l ROH 


KAU Hold Time referenced to OE 


10 




10 




ns 




k)EA 


OE Access Time 




20 





20 


ns 


9 


k>ED 


OE to Data Delay 


20 




20 




ns 




k>EZ 


Output buffer turn off Delay Time from OE 





20 





20 


ns 


10 


k>EH 


OE Command Hold Time 


20 




20 




ns 




k)DS 


Output Disable Set-Up Time 












ns 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci. !cc3' !cc4' !cc6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t x =5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t 0FF (max.) and t OEZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to WRTTE 
leading edge in Read-Modify- Write cycles. 

1 3 • %cs> *RWD' k:wD' *awd k:pwD 316 not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs ^t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
kiWD-tcwD (min.), t AWD >t AWD (min.) and tcpwp^tcp^ (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^o (max.) limit insures that t^c (max.) can be met. (max.) is specified as 
a reference point only: If t^D is greater than the specified (max.) limit, then access time is 
controlled by t^. 
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Note: D, N (I/O10~l/O18)« Don't Care 
D 0U t » OPEN 
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LOWER BYTE READ-MODIFY- WRITE CYCLE 




"H* or "L" 



Note: D| N (I/O 10— 1/01 8) = Don't Care 
D O ut(I/O10~I/O18) =0PEN 
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FAST PAGE MODE READ CYCLE 



V|H — 
VlL 



•S tRAH 



UC55, 

ros v, L —J t8atl 



A0-A9 



tRP 



-SfJL 



JE£_ 



JastL 



tRHCP 



1/01 




-1/018 v 0L 



Nott: D tN - OPEN 



: "H* or "I" 
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FAST PAGE MODE BYTE READ CYCLE 



VlH— " 
V, L 



UCAT 



V| H 



JCRP 



*RASP 



tRP 



tRCD 



. l «APi 



A0-A9 



Jet. 



tRHCP 



Jasa_ 



*CRP 



XZZT 




-1/018 v 0L _ 

Note: Din = OPEN 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



v, t — 



-f tRAH 



A0~A9 




WRITE 



Note: Dqut - OPEN 



"H* or "L* 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

tRASP 

l/... ' * ♦ 

105 . 
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FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 
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K55 ONLY REFRESH CYCLE 



VlH— " 



V, H ~ 

icss v 'l — - 



A0-A9 



V 



tRC 



y 



tRAH 



Jfi£_ 



tRPC 



\ 





Note: WRITE. OT»"H* or "L" 
Din a Don't Cart 
Dqut-OPEN 



: "H* or "L" 



€55 BEFORE K55 ONLY REFRESH CYCLE 



V,H 

V.L — 



UCaT, 
UCaT v il 



V, H 




i/oi- v oh— V 
1/018 Vol— ' 



OPEN 



W(\ : *H* or 'I" 

Note: WRITE, OT, A0~A9="H" or "L" 
D| N s Don't Care 

C7S before ICS refresh is performed when either OCA? or LCAS meets this timing. 
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HIDDEN REFRESH CYCLE (READ) 
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CS5 BEFORE R55 REFRESH COUNTER TEST READ CYCLE 
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1,048,576 WORD X 18 BIT DYNAMIC RAM 
DESCRIPTION 

The TC5116180AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 
TC5116180AJ/AFT utilizes Toshiba's CMOS silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC5116180AJ/AFT to be packaged in a standard 42 pin plastic SOJ, and 50/44 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V+ 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 



FEATURES 



1,048,576 word by 4 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% with a built- 
in V BB generator 
Low Power 

578mW MAX .Operating 
(TC51 16180AJ/AZ/AFT/ATR-60) 
495mW Max. Operating 
(TC5 1161 80AJ/AZ/AFT/ATR-70 
440mW Max. Operating 
(TC51 16180AJ/AZ/AFT/ATR-80 
5.5mW Max. Standby 
Outputs unlatched at cycle end allows two-di- 
mensional chip selec tion 

Read -Modify-Write, CAS" before KAU refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode capability 

All inputs and outputs TTL compatible 
4096 refresh cycles/1 6ms 
Package TC5116180AJ : SOJ42-P-400 
TC5116180AFT :TSOP50-P-400 



KEY PARAMETERS 



ITEM 


TC5116180AJ/AFT 


-60 


-70 


-80 


*RAC RAS Access Time 


60ns 


70ns 


80ns 


^AA Column Address 
Access Time 


30ns 


40ns 


40ns 


*CAC CAS Access Time 


15ns 


20ns 


20ns 


*RC Cycle Tune 


110ns 


150ns 


150ns 


tpC Fast Page Mode 
Cycle Time 


40ns 


50ns 


50ns 
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PIN NAME 



A0~A11 


Address Inputs 


EES" 


Row Address Strobe 




Upper Byte Control 


LCAS 


Lower Byte Control 


WRITE 


Read/Write Input 


DE 


Output Enable 


I/01-I/018 


Data Input/Output 


V CC 


Power (+ 5V) 


V ss 


Ground 


N.C. 


No Connection 



PIN CONNECTION (TOP VIEW) 
Plastic SOJ 















Vcc 




1 


42 




v$s 


1/01 




2 


41 




1/018 


1/02 


■ 


3 


40 




1/017 


1/03 




4 


39 




1/016 


1/04 




5 


38 




1/015 


v C c 




6 


37 




Vss 


1/05 




7 


36 




1/014 


1/06 




8 


35 




1/013 


1/07 




9 


34 




1/012 


1/08 


■ 


10 


33 


■ 


1/011 


1/09 




11 


32 




I/0 10 


NC 




12 


31 


■ 


lca? 


WRITE 




13 


30 






105 




14 


29 




oT 


A11R 




15 


28 




A9R 


A10R 




16 


27 




A8R 


AO 


■ 


17 


26 




A7 


A1 




18 


25 




A6 


A2 




19 


24 


■ 
■ 


AS 


A3 




20 


23 




A4 


Vcc 




21 


22 




Vss 



Plastic TSOP 



Vcc? 
1/01 
1/02 C 
1/03 C 
1/04 C 

Vc 
I/O 



1/06 C 8 



1/07 C 
1/08 C 
1/09 C 



NCC 

NCC 

WRITS C 

rase 

A11R 
A10R 
AO 
A1 
A2 
A3 

Vcc 



50 3 V« 
49 31/018 
48 31/017 
47 31/016 
46 31/015 
45(3 V<s 

1/014 
43D 1/013 
42 3 1/012 
3 1/01 1 
31/010 



36 3 NC 

35 3EC55 

343UC55 
33 3 0T 
32 3 A9R 
31 3A8R 
30 3A7 
29 3A6 
28 3A5 
27 3A4 
26 3 V SS 
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BLOCK DIAGRAM 



Vcc Vss 



1/02 1/04 1/06 1/08 

o o o o 

1/01 A 1/03 A 1/05 A 1/07 A 1/09 
J 1 I I I I I t I ■ 

w — ^ 9 > 



oT 



1/011 1/013 1/015 1/017 
l/O10il/O12ll/O14it/O16Al/O18 

?l.?i?T?l? 

K* > — v> 




ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V cc + 0.5 


V 




Output Voltage 


V OUT 


— 0.5~V CC + 0.5 


V 




Power Supply Voltage 


V CC 


— 0.5-7 


V 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


Pd 


900 


mW 




Short Circuit Output Current 


I 

OUT 


50 


mA 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


High Level Input Voltage 


2.4 




Vcc+0.5* 


V 


2 


Vil 


Low Level Input Voltage 


-0.5** 




0.8 


V 


2 



*V CC +2.0V at pulse width <,20ns (measured at V cc ) 
**-2.0V at pulse width £20ns (measured at V cc ) 



D.C. OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RftS, UCSS, LCAS Addrs. Cycling: tRc=<R C MIN) 


TC5116180AJ/AFT-60 




105 


raA 


3,4 
5 


TC5116180AJ/AFT-70 


- 


90 


TC5116180AJ/AFT-80 




80 


i 

CC2 


STANBY CURRENT 

Power Supply Standby Current 

(RS5=UCAl?=ECS5=V IH ) 




2 


mA 




1 

CC3 


KA"5" ONLY REFRESH CURRENT 
Average Power Sirpply Current (RAS Only Mode 
(RSS, Cycling, UC£5,= ECAS V H : irc^cMIN) 


TC5116180AJ/AFT-60 




105 


mA 


3,5 


TC5116180AJ/AFT-70 


- 


90 


TC5116180AJ/AFT-80 




80 


1 

CC4 


FAST PAGE MODE CURRENT 
Average Power Supply Current, Fast Page Mode 
(R7£="Vm~UCS5, EGAS Addrs.Cycling: ^c=^C MIN ) 


TC5116180AJ/AFT-60 




80 


mA 


3, 4,5 


TC5116180AJ/AFT-70 




70 


TC5116180AJ/AFT-80 




60 


1 

CC5 


STANDBY CURRENT 
Power Supply Standby Current, 
(EA5=UCSS=ECSS= V CC -0.2V) 




1 


mA 




1 

CC6 


CSS" BEFORE KA"5 REFRESH CURRENT 
Average Power Supply Current, CAS Before 
KA"5 Mode (ESS, UCftS ECSS.Cycling: t RC =t RC 


TC5U6180AJ/AFT-«) 




105 


mA 


3,5 


TC5116180AJ/AFT-70 




90 


TC5116180AJ/AFT-80 




80 


1 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV< VrN< V cc , All Other Pins Not Under Test=OV) 


-10 


10 


HA 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(DoUT is disabled, <, 0V< V OUT S V cc 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

(Output "H" Level Voltage ('qut = 5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

(Output "L" Level Voltage (' 0UT = 4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


TC5116180AJ/AFT 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


155 


- 


180 


- 


200 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


50 


- 


ns 




l PRMW 


Fast Page Mode Read-Modify- Write Cycle Time 


85 


- 


90 


- 


100 


- 


ns 




l RAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


9,14, 
15 


*cac 


/wcca^ nine injni v^/a.o 


- 


15 


- 


20 


- 


20 


ns 


9,14 


l AA 


Arf*pcc Timp frrvm fnlumfi AflHrp^c 


- 


30 


- 


35 


- 


40 


ns 


9,15 


k;PA 


Access Time from CAS Precharge 


- 


35 


- 


40 


- 


45 




9 




CM to Output in Low-ZData Hold Time 





- 





- 





- 


ns 


9 


toFF 


Output Buffer Turn-off Delay 





15 





15 





15 


ns 


10 


t T 


Transition Time (rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


*RP 


R~A~5 Presharge Time 


40 


- 


50 


- 


60 


- 


ns 




l RAS 


KA"5 Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




*RASP 


R"A"5 Pulse Width (Fast Page Mode) 


60 


100,000 


70 


100,000 


80 


100,000 


ns 




l RSH 


KAU Hold Time 


15 


- 


20 


- 


20 


- 


ns 




tRHCP 


KX5 Hold Time From"CA"5 Precharge 

^x^aal JragC IVIUUCJ 


35 


- 


40 


- 


45 


- 


ns 




tcSH 


P AC UrtlH Timf 

\^r\.0 X1U1U 11111C 


An 

OU 




in 
/u 




an 

oU 








k:as 


f AC Piilcp Wiflth 
ruisc vYiuui 


i e 
ID 


i n nnn 


on 
zu 


in nnn 

1U,UUU 


on 

ZU 


in nnn 

iU,UUU 






l RCD 


rvr\o iu \^f\o Lf&Lay lime 


on 
zu 




on 

ZU 


^n 
Dv 


on 
zu 


An 




14 


l RAD 




1 c 

ID 


in 


1 c 

l j 


i^ 

jD 


1 e 

ID 


An 

4U 




15 


t„ _ 

k:rp 


iu rvrvo r icdiaigc 11111c 


5 




5 




5 




ns 




h:p 




10 




10 




10 








*ASR 


Row Address Set-up Time 

















ns 




l RAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ASH 


Column Address Set-up Time 

















ns 




tCAH 


Column Address Hold Time 


10 




15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




*RCS 


Read Command Set-up Time 

















ns 




*RCH 


Read Command Hold Time 

















ns 


11 


tRRH 


Read Command Hold Time referenced to RAS 

















ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


TC5116180AJ/AFT 


UNIT 


NOTE 


-60 


-70 


-80 


MIN 


MAX. 


MTN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




l RWL 


Write Command to RAS Lead Time 


15 


- 


20 


- 


20 


- 


ns 




k;WL 


Write Command to CAS Lead Time 


15 




20 




20 




ns 




*DS 


Data Set-up Time 





- 





- 





- 


ns 


12 


tDH 


Data Hold Time 


15 




15 




15 




ns 


12 


l REF 


Refresh Period 




64 




64 




64 


ns 




^WCS 


Write Command Set-up Time 

















ns 


13 


^CWD 


CAS to WRITE Delay Time 


40 


- 


45 




45 


- 


ns 


13 


l RWD 


RAS to WRITE Delay Time 


85 


- 


95 


- 


105 


- 


ns 


13 


l AWD 


Column Address to WRITE Delay Time 


55 




60 




65 




ns 


13 


tcPWD 


CAS Precharge to WRI TE Delay lime 


60 




65 




70 




ns 


13 


*CSR 


CAS Set-up Time 
{CAS" before ESS" Cycle) 


5 




5 




5 




ns 




tcHR 


CSS" Hold Time 
(CSS before ESS Cycle) 


10 


- 


15 


- 


15 


- 


ns 




iRPC 


RAS to CAS Precharge Time 


5 




5 




5 




ns 




^CPT 


CAS Precharge Time 
(CSS" before ESS" Counter Test 


20 




30 




30 




ns 




l ROH 


ESS" Hold Time referenced to OE 


10 




10 




10 




ns 




toEA 


DE Access Time 




15 




20 




20 


ns 




kfED 


OE to Data Delay 


15 




15 




15 




ns 




k)EZ 


Output buffer turn off Delay Time 
fromUE 





15 





15 





15 


ns 


10 


k)EH 


DE Command Hold Time 


15 




15 




15 




ns 




k)DS 


Output Disable Set-up Time 

















ns 





CAPACITANCE *(T CC = 5V± 10%, f = 1MHz, Ta = 0~70°c) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


C,i 


Input Capacitance (AO ~A9) 




5 


pF 


C| 2 


Input Capacitance (RAS, UCAS, LCAS, WRITE, OE) 




7 


pF 


Co 


Input/Output Capacitance (1/01-1/018) 




7 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3. I CC1 , I cc3 , I CC4 , I CC6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vjl. In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t T =5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^ must be satisfied for a read cycle. 

12. These parameters are referenced to UCAS or LAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify- Write cycles. 

1 3 • twcS' tRWD' tcwD' *awd tQ Pm) are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
t cwD >t cwD (min.), t AWD >t AWD (min.) and tcpwp^PWDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify-Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the tj^pj (max.) limit insures that tj^c (max.) can be met. (max.) is specified as 
a reference point only: If tj^D is greater than the specified t^o (max.) limit, then access time is 
controlled by t^. 
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WRITE CYCLE (DE CONTROLLED WRITE) 
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LOWER BYTE WRITE CYCLE (DE CONTROLLED WRITE) 

tRC 



A0~A7 




A8R V,h — m 

~ahr tfy, 



WRITE 



~l/09 v, L 



Note: D, N (I/O10-I/O18) » Oon't Care 
Dqut - OPEN 



"H" or "I" 



A-RPfi 
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FAST PAGE MODE READ CYCLE 



1G5 



V| H ' 
V|L ' 



UC55, 



A0-A7 



?CTP 

• V ( „— P 

js v IL — y tPAH 



tRASP 



u i=c »4« «► L l w — » t CRP 

*RCD K I j < tcp | . tRHCT > J 

ftM , | t , I .1 £ j .^S.i ' i-L p- 




-1/018 



Note: Dim - OPEN 



: "H* or "L* 
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UPPER BYTE READ-MODIFY- WRITE CYCLE 



1/O10 
-1/018 




"H* or "L* 



Note: Dim (I/O 1-1/09) » Don't Care 
Dqut (1/01-1/09) a OPEN 
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LOWER BYTE READ-MODIFY- WRITE CYCLE 




•H" or "L* 



Not«: Din (I/0 10- 1/0 18) = Don't Care 
Dout(I/O10~I/O18) - OPEN 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

!BfiS£ 



V|H— " 
V.L 



V|H 



fey 

-* tPAH 



uro, 



A0~A7 




1/01 V, H 55! 

-1/018 ^ 
VlL 



Note: D 0UT . OPEN 



"H" or "L" 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




"H" or "l* 
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FAST PAGE MODE BYTE READ-MODIFY- WRITE CYCLE 
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K£3 ONLY REFRESH CYCLE 



JOS 



Vih— " 



Vih — 

tCS5 v 'L 



A0~A7 



A8R- V 'H — f| 
A11R V, t 



t*SR 



tRC 



*RAH 



Nott: WRITE. OI"» "H* or *L" 
D IN » Don't Care 
Dour "OPEN 



7 



tRPC 





■H" or "L* 



CSS BEFORE K55 REFRESH CYCLE 




UcaT. 
1255 V 1L — . 



1/01- v o" — " 
1/018 v 0L 



OPEN 



Note: WRITE, OT. A0~A7, A8R-A11R* "H" or "L* 
Din s Don't Care 

CAT before Ea5 refresh is performed when either UCAS or LCAS meets this timing. 
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HIDDEN REFRESH CYCLE (READ) 
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CSS BEFORE RSS REFRESH COUNTER TEST READ-MODIFY- WRITE CYCLE 
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Mechanical 
Dimensions 



OUTLINE DRAWINGS (ZIP20 - P - 400A) 



Unit in mm 



0.835 w 



0.5±0.1 



3. 05m ax 



T27l 



frH#0.25®'l 



0.25 



-i- 0.1 
-0.05 



26.3 max 



2.54 



25.8 ±0.2 



1 2 



20 
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Mechanical Dimensions 



OUTLINE DRAWINGS (ZIP24 - P - 475) 



Unit in mm 




31.38MAX 



30.8810.2 



1 2 24 



3.05MAX 
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Mechanical Dimensions 



OUTLINE DRAWINGS (ZIP28 - P - 400) 

Unit in mm 



3.05MAX 



0.955 to 



IlilDDDDIltDfl 



0.5±0.1, 



\0O.25®\ 



0.25 



+ 0.1 
-0.05 



36.7max 



12m 



36.2±0.2 



1 2 



28 



Weight : 2.04g(TYP.) 
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Mechanical Dimensions 



OUTLINE DRAWINGS (SOJ26 - P - 300A) 



Unit in mm 



26 22 
r-i r-i n i~i i—i 



18 14 

i i i i i i i i r~r 




I I I I I ) I I I I 

1 5 



U l_l u 
9 



13 



17.57MAX 



CM 
NO 

?? 
•<* 
CO 




W Q-1 8 (Ml 
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Mechanical Dimensions 



OUTLINE DRAWINGS (SOJ28 - P - 400A) 



Unit in mm 




r-O 

tv 



18.84MAX 



18.42±0.12 






71 401 


m 


m 




m 


0.8MIN 


.6±0.15 






— io|0.1| 


n An* - 07 







p7| 
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Mechanical Dimensions 



OUTLINE DRAWINGS (SOJ28 - P - 400) 




18.84MAX 



18.4210.12 



0.71 ±0.1 



-SOI 



0.4310.1 



Unit in mm 



o> 



o 



Weight : 1.12g(TYP.) 
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Mechanical Dimensions 



OUTLINE DRAWINGS (SOJ40 - P - 400) 

Unit in mm 



40 21 

nnnnnnnnnnnnnnnr-ir-ir-ir-ir-i 



1 



TZ?L 



uuuuuuuuuuuuuuuuu 
1 20 



T-O 



26.04±0.12 


- Zj r 




, 0.7110.1 

i 




m 


mm 

' |o|0.l| -4 


www- 

,0.43±0.1 ix| ^-m 


0.8M 
3.5±0.J 
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Mechanical Dimensions 



OUTLINE DRAWINGS (SOJ42 - P - 400) 

Unit in mm 



42 22 
nnnrinnnnnnnnnnnnnnnnn- 



uuuuuuuuuuuuu 
1 



27.73MAX 



u u u u u u. 

21 



27.31 ±0.1 2 




H , 


T 

ll.S 




s \mm- 

n ^-Kl.07 
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Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP26 - P - 300) 

Unit in mm 



26 22 

a a h a a 




13 

0A±0A mMM 



17.54MAX 



1 7.1 4±0.1 



o 0.1 



< 

CM 




0.510.1 
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Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP26 - P - 300A) 



1 5 
P H P H 





□ 


0.95TYP 


|26 



b a « b a 

22 



9 

H P H 



13 




BdTM 

18 



14 



0.410.1 



CM O 
O — 

?? 



lei o.2i (jfl 



Unit in mm 



1 7.54MAX 



17.14+0.1 



o 0.1 




0.5±0.1 
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Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP28 - P - 400B) 



Unit in mm 



0.95TYP 



28 23 

a a a a a a 



HUH inrer 

1 6 



20 15 

a a h g a a- 




9 



14 



.0.410.1 



18.81 MAX 



18.41 ±0.1 



^ oy iiu uo lcu-oile 




0.5±0.1 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



B-11 



Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP28 - P - 400) 



Unit in mm 



28 15 
HHHHHHHHHHHBHB" 




18.81 MAX 



18.41 ±0.1 



0=5: 




0.5±0.1 



Weight : 0.49g(TYP.) 
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Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP44 - P - 400B) 

Unit in mm 



44 35 



32 23 
BBBBBBBBBfl" 




wo.i3(a 



18.81 MAX 



18.4110.1 




0.510.1 
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Mechanical Dimensions 



OUTLINE DRAWINGS (TSOP50 - P - 400) 



Unit in mm 



0.875TVP 



50 40 36 26 

aaggapgnopa a h a a a a a h a a a 




HHDhj jdbdH HbddHbHHHHH 



11 15 



25 



0.3±0.05r 



i0.13C»fl 



21.35MAX 



20.95±0.1 



tr-j-Q-n-Q- 




r ii: 

0.510.1 
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1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM321000A is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with eight 
TC514400ASJ devices on the printed circuit board. This module can be used as well as 2,097,152 word by 16 
bit by means of connecting DQ0 and DQ16, DQ1 and DQ17, DQ2 and DQ18, , DQ15 and DQ31, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 



KEY PARAMETERS 



1,048,576 word by 32 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% 
Low power 

5,280mW MAX. Operating (THMxxxxxx-60) 
4,4009mW MAX. Operating (THMxxxxxx-70) 
3,744mW MAX. Operating (THMxxxxxx-80) 
44mW MAX. Standby 

CAST before RA"S refresh, KKS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/16ms 

Package 

72pin SIMM Tin-Lead Contact: THM321000AS-60,70,80 
72pin SIMM Gold Contact: THM321000ASG-60,70,80 





-60 


-70 


-80 


tRAC RAS Access Time 


60ns 


70ns 


80ns 


Iaa Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


UK50-CK53 


Column Address Strobe 


RAS0,KA1>2 


Row Address Strobe 


W 


Read/Write Input 


Vcc 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-60 


-70 


-80 


PD0 


V SS 


V SS 


V SS 


PD1 


V SS 


V SS 


V SS 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V ss 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 


V SS 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


V SS 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CA5U 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 


CAS2 


53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


V CC 


42 


CAT53" 


54 


DQ26 


66 


NC 


7 


DQ18 


19 


NC 


31 


A8 


43 


CAST 


55 


DQ11 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RSSD 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 


NC 


45 


NC 


57 


DQ12 


69 


PD2 


10 


Vcc 


22 


DQ5 


34 


KA1S2" 


46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


W 


59 


V CC 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V SS 
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BLOCK DIAGRAM 



« DQ2 
DQ3 




o 0026 
DQ27 



o DQ28 
© DQ29 
" DQ30 
DQ31 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1.0-7.0 


V 


! 


Output Voltage 


Vqut 


— 1.0-7.0 


V 


! 


Power Supply Voltage 


V C c 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


T SOLDER 


260*10 


°C*sec 




Power Dissipation 


Pd 


5.6 


W 




Short Circuit Output Current 


Jqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA5, CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




960 


mA 


3,4 
5 


THMxxxxxx-70 




800 


THMxxxxxx-80 




680 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(R"A5=C£5=V IH ) 




16 


mA 




k:c3 


R"A5 ONLY REFRESH CURRENT Average 
Power Supply Current, 553 Only Mode 
(R"5S Cycling, CA5=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




960 


mA 


3,5 


THMxxxxxx-70 




800 


THMxxxxxx-80 




680 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R~£3 =V IL ,TSS,Address Cyclingrtpcstpc MIN.) 


THMxxxxxx-60 




560 


mA 


3,4 
5 


THMxxxxxx-70 


- 


560 


THMxxxxxx-80 




480 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V CC -0.2V) 




8 


mA 




I 

CC6 


CAS BEFORE"KAS REFRESH CURRENT 


THMxxxxxx-60 


- 


960 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS", CAS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




800 


THMxxxxxx-80 




680 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V IN <6.5V, All Other Pins Not Under Test=0V) 


-8U 


80 


"A 






OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (lour 2 -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V + 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




60 


pF 


CI2 


Input Capacitance (W) 




45 


pF 


CI3 


Input Capacitance (RASO , R"A"52) 




35 


pF 


CI4 


Input Capacitance (CASO , CAS3) 




30 


pF 


CDQ1 


I/O Capacitance (DQ0-31) 




17 


pF 
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OUTLINE DRAWINGS 

Unit in mm 



2-03.18 + 0.05 



5.08MAX. 




• THM321000AS 
0.9 ± 0.08 



Contacts : Tin - Lead 



• Hi-' • 



N 



• THM321000ASG 

1.04 ±0.05 



Contacts : Gold 
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1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM3210B0A is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with two 
TC5118160AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 
bit by means of connecting DQO and DQ16, DQ1 and DQ17, DQ2 and DQ18, , DQ15 and DQ31, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 

• 1,048,576 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,540mW MAX. Operating (THMxxxxxx-70) 
l,320mW MAX. Operating (THMxxxxxx-80) 
llmWMAX. Standby 

• CAS before KA~5 refresh, K7£S only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1 ,024 Refresh cycles/ 1 6ms 

• Package 

72pin SIMM Tin-Lead Contact: THM3210B0AS-xx 
72pin SIMM Gold Contact: THM3210B0ASG-xx 



KEY PARAMETERS 





-70 


-80 


tRAc RAS Access Time 


70ns 


80ns 


*aa Column Address 
Access Time 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


t RC Cycle Time 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


C7\50~CA53" 


Column Address Strobe 


R"A"5TJ, R"A"52 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V ss 


Ground 


PD 


Presence Detect Pin 





-70 


-80 


PD0 


V ss 


V SS 


PD1 


V ss 


V SS 


PD2 


V ss 


NC 


PD3 


NC 


V SS 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 


V SS 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


V SS 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CftSU 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 


CA~52 


53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


V CC 


42 




54 


DQ26 


66 


NC 


7 


DQ18 


19 


NC 


31 


A8 


43 


CATST 


55 


DQ11 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


KATSO 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 


NC 


45 


NC 


57 


DQ12 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


RA~52 


46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V SS 
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BLOCK DIAGRAM 



tiATO o- 



CS50 o- 



I/O 1 

Ea5 1/02 

1/0 3 
1/04 

LCA5 "0 5 
1/0 6 

M1 I/07 
nra 1/08 


o 


o 


o 


o 


o 


o 


o 


o 


UCAS , /09 
I/0 10 

« 1/011 
OT 1/012 
1/013 
1/014 
1/015 

W AO -9 1/016 


o 
o 


o 


o 


o 


o 


o 




o 



R552 o- 
CS52 o- 
OT3 o- 




M2 



W 



AO -9 



W o- 

A0-A9 °- 

V CC c>- 

Vss o- 



1/0 1 
1/0 2 
1/0 3 
1/0 4 
1/0 5 
1/0 6 
1/0 7 
1/08 
1/0 9 
I/0 10 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 



DQO 

DQ 1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

0Q9 

DQ10 

QD11 

DQ12 

DQ13 

DQ14 

DQ15 



-o DQ16 

-o DQ17 

-o DQ18 

-o DQ19 

-o DQ20 

-o DQ21 

-o DQ22 

-o DQ23 

-o DQ24 

-o DQ25 

-o DQ26 

-o QD27 

-o DQ28 

-o DQ29 

-o DQ30 

-o DQ31 



CI -2 



M1-2 
Ml -2 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 0.5~V cc + 0.5 


V 


j 


Output Voltage 


Vqut 


— 0.5~V cc + 0.5 


V 


! 


Power Supply Voltage 


V CC 


— 0.5-7.0 


V 


! 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


^SOLDER 


260*10 


°C«sec 




Power Dissipation 


Pd 


1.8 


W 




Short Circuit Output Current 


Wt 


50 


mA 





/ 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




V cc + 0.5* 


V 


2 


Vil 


Input Low Voltage 


-0.5** 




0.8 


V 


2 



*Vce + 2.0V at pulse width £ 20 ns (pulse width measured at V cc ) 
**-2.0V at pulse width £ 20 ns (pulse width measured at 0V) 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RSS, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


280 


mA 


3,4 
5 


THMxxxxxx-80 




240 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(R"AS=CA5=V IH ) 




4 


mA 




!CC3 


KSS ONLY REFRESH CURRENT Average 
Power Supply Current, 555 Only Mode 
(KAS Cycling, CA5=V IH : t RC =t RC MIN.) 


THMxxxxxx-70 


- 


280 


mA 


3,5 


THMxxxxxx-80 




240 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"A5 =V IL ,~CA5,Address Cycling:t PC =t PC MIN.) 


THMxxxxxx-70 




150 


mA 


3,4 
5 


THMxxxxxx-80 


- 


130 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CA5=V CC -0.2V) 




2 


mA 




I 

CC6 


CATS BEFORE"RS5 REFRESH CURRENT 


THMxxxxxx-70 


- 


280 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-80 




240 




INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V rN <6.5V, All Other Pins Not Under Test=0V) 


-20 


20 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D 0UT is disabled, OV <V OUT <5.5V) 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I oux =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9) 




15 


pF 


CI2 


Input Capacitance (W) 




19 


pF 


CI3 


Input Capacitance (RAS0, KA"52) 




12 


pF 


CI4 


Input Capacitance (CAS0 -CAS3) 




12 


pF 


CDQ 


I/O Capacitance (DQ0-31) 




12 


pF 
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OUTLINE DRAWINGS 

THM3210B0AS/ASG 



Unit in mm 



107.95 10.13 



2.03 ±0.13 



3.38 ±0.1 3 



127 



M.5710.10 
6.35 ±0.08 



101.19±0.13 



2-03.1810.05 



T« 



5.08MAX. 



id 



4-0.10 

1.27-0.08 



• TIIM3210B0AS/ASG 
1.0410.05 




m 

IN 
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2,097, 152 WORD X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM322020A is a 2,097,152 word by 32 bit dynamic RAM module which is assembled with 16 
TC514400ASJ devices on the printed circuit board. This module can be used as well as 4,194,304 word by 16 
bit by means of connecting DQ0 and DQ16, DQ1 and DQ17, , DQ15 and DQ31, respectively. This module 
is optimized for applications which require high density and large capacity such as main memory, image 
memory systems, and others which require compact size. 

FEATURES 

KEY PARAMETERS 



• 2,097, 1 52 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,368mW MAX. Operating (THMxxxxxx-60) 
4,488mW MAX. Operating (THMxxxxxx-70) 
3,832mW MAX. Operating (THMxxxxxx-80) 
88mW MAX. Standby 

• CAS before TZKS refresh, KKS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1 ,024 Refresh cycles/ 1 6ms 

• Package 

72pin SIMM Tin-Lead Contact: THM322020AS-60,70,80 
72pin SIMM Gold Contact: THM322020ASG-60,70,80 





-60 


-70 


-80 


t^c RAS Access Time 


60ns 


70ns 


80ns 


t^ Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


CA"50~CA"S3 


Column Address Strobe 


R"X50~R~A"33 


Row Address Strobe 


W 


Read/Write Input 


Vcc 


Power (+5V) 


V SS 


Ground 


NC 


No Connection 





-60 


-70 


-80 


PD0 


NC 


NC 


NC 


PD1 


NC 


NC 


NC 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V SS 
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PIN CONNECTION (TOP VIEW) 



1 



36 37 



72 



1 


V SS 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


V SS 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CS5D 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 


CA52 


53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


V CC 


42 




54 


DQ26 


66 


NC 


7 


DQ18 


19 


NC 


31 


A8 


43 


CAST 


55 


DQ11 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RS5D 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 


KA53" 


45 




57 


DQ12 


69 


PD2 


10 


V CC 


22 


DQ5 


34 




46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V ss 
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BLOCK DIAGRAM 



CaTOo- 



KATo 



'cati 



xi 



CAT 
EAT 
OT 



W 



MO 



AO-9 



1/01 
1/0 2 
1/0 3 
1/04 



DQO-3 



CAT 

ICS 
OT 



W 



Ml 



AO-9 



xi 



CAT 

bat 
or 



I/O t 
1/0 2 
1/03 
1/04 



DQ4-7 



I/O 1 
1/0 2 
1/0 3 
1/04 



M8 



AO-9 



W 



CAT 
*AT 
OT 



-oEATl 



1/0 2 

1/0 3 AO-9 
1/042" s 



M9 



W 



CAT 
KAT 
OT 



Xi 



Cas- 
tas" 
OT 



W 
X 



M2 



1/01 
1/0 2 

AO-9 1/0 3 
AU ^l/04 



DQ§-H 



W 



M3 



AO-9 



I/O 1 
1/0 2 
1/03 
1/04 



CAT 2 o- 



5K2 



CAT 3 o- 



CAT 
BAT 
OT 



DQ 12-15 



1/01 
1/0 2 
1/0 3 
1/04 



hi. 



M10 



AO-9 



W 



CAT 
BAT 
OT 



1/01 
1/0 2 
1/03 
1/04 



Mil 



AO-9 



W 



OS 

rat 
m 



w 



M4 



AO-9 



I/O 1 
1/0 2 
1/0 3 
1/04 



DQ1j>-1g 



1/01 
1/0 2 
1/03 
1/04 



M12 



AO-9 



W 



CAT 

sat 
or 



-o*AT3 



CAT 
SAT 
OT 



MS 



1/01 
1/0 2 

AO-9 1703 
1/04 



X^ 



OQ 20-23 



1/01 
1/0 2 
1/03 
1/04 



M13 
AO-9 W. 



CAT 
EAT 
OT 



xi 



CAT 
SAT 

OT W 

V 



M6 



1/01 
1/02 

AO-9 1703 
AU9 l/04 



DQ 2^-27 



l/Ol 
1/0 2 
1/03 
1/04 



M14 
AO-9 W 



CAT 
HAT 
OT 



CAT 
RAT 
OT 



W 



M7 



AO-9 



I/O 1 
1/0 2 
1/0 3 
1/04 



OQ 28-31 



1/01 
1/0 2 
1/0 3 
1/04 



M15 
AO-9 W 



CAT 

EAT 
OT 



P3_ 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


llipui VUilagC 


V IN 


i n~7 o 


v 

V 




UliipUl VUllagC 


v OUT 




V 




Power Supply Voltage 


V CC 


1.0~7.0 


v 




Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


T SOLDER 


260* 10 


°C»sec 




Power Dissipation 


Pd 


11.2 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MLN. 


TYP. 


MAX. 


UNIT 


NOTE 


V C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(ESS, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 


- 


976 


mA 


3,4 
5 


THMxxxxxx-70 


- 


816 


THMxxxxxx-80 


- 


696 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS"=CA1?=V IH ) 




32 


mA 




k:c3 


KX5 ONLY REFRESH CURRENT Average 
Power Supply Current, 5^5 Only Mode 
(KS3 Cycling, CA5=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 


- 


976 


mA 


3,5 


THMxxxxxx-70 




816 


THMxxxxxx-80 


- 


696 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA5 =V!L,~CAT>,Address Cycling:tpc=tpc MIN.) 


THMxxxxxx-60 




576 


mA 


3,4 

5 


THMxxxxxx-70 




576 


THMxxxxxx-80 


- 


496 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(ES5=CSS=V CC -0.2V) 




16 


mA 




I 

CC6 


CA5 BEFORET5SS REFRESH CURRENT 


THMxxxxxx-60 


- 


976 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (KA"5, CSS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




816 


THMxxxxxx-80 


- 


696 


\(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V IN <6.5V, All Other Pins Not Under Test=0V) 


-160 


160 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D 0UT is disabled, OV <V 0UX <5.5V) 


-20 


20 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (lour 11 -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




100 


pF 


CI2 


Input Capacitance (W) 




80 


pF 


CI3 


Input Capacitance (RAS0-RAS3) 




40 


pF 


CI4 


Input Capacitance (CAS0-CAS3) 




35 


pF 


CDQ1 


I/O Capacitance (DO0-31) 




25 


pF 
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OUTLINE DRAWINGS 

THM322020AS/ASG 
FRONT SIDE 



2.03 + 0.13 



6.35 + 0.13 



3.38 ±0.1 3 



107.95 + 0.13 



nun rmrL.iiiin iiiin 



iiiiii iiiitt 



Hi 



mill iinrf ' iiMii mm 
nrm |Hin iiiiii htiti rrrm nun 

^~ 7 p'in " |ii'i'n ^ii 1 1 1 ti my yn iTT'" nil H 1 1 ii 1 1 u , i , i i I 1 



t R1.57 + 0.10 
6.35 + 0.08 



95.25 + 0.08 



101.19 + 0.13 



2-03.18 + 0.05 



8.89MAX. 




BACK SIDE 



O 



iiiiii 1 in it fTiim | ) h n tii i n UlHf iiiiii nun 



• THM322020AS 
0.9 + 0.08 



Contacts : Tin - Lead 



J7\ 



• THM322020ASO 

1.04 + 0.05 



J7\ 



Contacts : Gold 
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2,097,152 WORD X 32 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM3220C0A is a 2,097,152 word by 32 bit dynamic RAM module which is assembled with 4 
TC51 18160AJ device on the printed circuit board. This module can be as well used as 4,194,304 word by 16 bit 
by means of connecting DQO and DQ16, DQ1 and DQ17, DQ2 and DQ18, , DQ15 and DQ31, respectively. 
THM3220C0A is optimized for applications which require high density and large capacity such as main 
memory, image memory systems, and others which require compact size. 



FEATURES 

• 2,097,152 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,562mWMAX. Operating (THMxxxxxx-70) 
l,342mW MAX. Operating (THMxxxxxx-80) 
22mW MAX. Standby 

• (JAS before KAS refresh, KAS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/1 6ms 

• Package 

Tin-Lead Contact: THM3220C0AS-xx 
Gold Contact: THM3220C0ASG-xx 



KEY PARAMETERS 





-70 


-80 


tRAc RAS Access Time 


70ns 


80ns 


1 aa Column Address 
Access Time 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


t RC Cycle Time 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


CA"50~CA"53" 


Column Address Strobe 


KA"50"~KA"53" 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-70 


-80 


PD0 


NC 


NC 


PD1 


NC 


NC 


PD2 


V ss 


NC 


PD3 


NC 


V S s 



THM3220C0AS/ASG -70,/80 



PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 


V ss 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


Vss 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CSSD 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 


CA52 


53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


V CC 


42 


CAT53 


54 


DQ26 


66 


NC 


7 


DQ18 


19 


NC 


31 


A8 


43 


CAST 


55 


DQ11 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RASO 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 


KA53" 


45 


KA5T 


57 


DQ12 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


KAS2 


46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


W 


59 


V CC 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V SS 
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BLOCK DIAGRAM 



JOS 

os o 

OS 1 



JOS 

COS 

DCS 

or 



M1 



AO -9 



I/O t 
I/O 2 
I/O 3 
I/O 4 
I/O 5 
I/O 6 
I/O 7 
I/O 8 
I/O 9 
I/0 10 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 



.POO 



>£24_ 



:do5 



,PQ6 



vEQ2_ 



ft 



,P Q1Q 



m 



I/O 1 








1/02 




JOS 




1/03 








1/04 








1/05 




EOS 




1/06 


M3 




1/07 






1/08 
1/09 




DOS 






I/0 10 










1/011 




01 






1/012 
1/013 




% 




1/014 










1/015 










1/016 


AO -9 


W 







ICS 1 



JOS 2 
OS 2 
OS 3 



JOS 

ros 

DOS 

or 
w 



M2 



I/O 1 
1/02 
1/0 3 
1/04 
1/0 5 
1/0 6 
1/07 
1/08 
1/09 
I/0 10 
1/011 
1/012 
1/013 
1/014 
1/015 
AO -9 "016 



W 
A0-A9 
Vcc 
V$$ 



-D016 

Jims. 



;pqi9 



aPQZQ 



,pQ2i 



,PQ24 



;poz6 



,PQ29 



;P031 



1/01 








1/02 






JOS 


1/03 








1/04 








1/0 5 






IDS 


I/O 6 




M4 


1/07 






1/08 
1/09 






DOS 


1/0 10 








1/011 






or 


1/012 






1/013 








1/014 








1/015 








1/016 


AO -9 


w 



-o JOS 3 



CI -4 



Ml -4 
Ml -4 
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THM3220C0AS/ASG -70./80 



ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


IN 


— 0.5-Vcc + 0.5 


V 




Output Voltage 


Vqut 


— 0.5~V CC + 0.5 


V 


J 


Power Supply Voltage 


v cc 


— 0.5-7.0 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260* 10 


°C»sec 




Power Dissipation 


P D 


3.6 


W 




Short Circuit Output Current 


^OUT 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




V cc + 0.5* 


V 


2 




Input Low Voltage 


-0.5** 




0.8 


V 


2 



*V CC + 2.0V at pulse width £ 20 ns (pulse width measured at Vcc) 
**-2.0V at pulse width <, 20 ns (pulse width measured at 0V) 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MEM. 


MAX 


UNIT 


NOTES 


! cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RA"5, CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


284 


mA 


3,4 


THMxxxxxx-80 




244 


! CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CSS'=V IH ) 




8 


mA 




*CC3 


RSS ONLY REFRESH CURRENT Average 
Power Supply Current, ras Only Mode 
(RA"5 Cycling, CA~5=V IH : t RC =t RC MIN.) 


THMxxxxxx-70 


- 


284 


mA 


3,5 


THMxxxxxx-80 




244 


l CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA"5 =ViL,T7f5,Address Cycling:tpc=tpc MIN.) 


THMxxxxxx-70 




154 


mA 


3,4 
5 


THMxxxxxx-80 


- 


134 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KX5=CA5=V CC -0.2V) 




4 


mA 




! CC6 


CSS BEFORETfSS REFRESH CURRENT 


THMxxxxxx-70 


- 


284 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (R55, CSS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-80 




244 


'l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V^V IN ^6.5V, All Other Pins Not Under Test=0V) 


-40 


40 


UA 






OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT £5.5V) 


-20 


20 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I u T =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




25 


pF 


CI2 


Input Capacitance (W) 




33 


pF 


CI3 


Input Capacitance (RAS0-RAS3) 




12 


pF 


CI4 


Input Capacitance (CAS0 -CAS3) 




19 


pF 


CDQ 


I/O Capacitance (DQ0-31) 




19 


pF 
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OUTLINE DRAWINGS 

Unit in mm 



FRONT SIDE 



2-03.18 ±0.05 



8.89MAX. 




BACK SIDE 



/ 



O 



• TIIM322OC0ASMSG 
1.0410.05 




o 
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4,194,304 WORD X 32 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM324000S/SG is a 4,194,304 word by 32 bit dynamic RAM module which is assembled with 8 
TC51 17400J devices on the printed circuit board. The THM324000 can be used as well as 8,388,608 word by 
16 bit by means of connecting DQ0 and DQ16, DQ1 and DQ17, DQ2 and DQ18, , DQ15 and DQ31, 
respectively. THM324000 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 

• 4, 194,304 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,720mW MAX. Operating (THMxxxxxx-60) 
4,840mW MAX. Operating (THMxxxxxx-70) 
4,180mW MAX. Operating (THMxxxxxx-80) 
44mW MAX. Standby 

• CAS before KAJS refresh, KKS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/ 16ms 

• Package 

Tin-Lead Contact: THM324000S-60,70 
Gold Contact: THM324000SG-60J0 



KEY PARAMETERS 





-60 


-70 


tjtAQ RAS Access Time 


60ns 


70ns 


1 aa Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


60ns 


70ns 



PIN NAMES 



A0-A10 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


CSSU~CA"53 


Column Address Strobe 


KX5U,KA"S2" 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


V SS 


V SS 


PD1 


NC 


NC 


PD2 


NC 


V SS 


PD3 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 


' ss 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


V SS 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CASD 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 


CA"52" 


53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


V CC 


42 


CA~53 


54 


DQ26 


66 


NC 


7 


DQ18 


19 


A10 


31 


A8 


43 


CA*ST 


55 


DQ11 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


KAT50 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 


NC 


45 


NC 


57 


DQ12 


69 


PD2 


10 


Vcc 


22 


DQ5 


34 


RSSI 


46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V ss 
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BLOCK DIAGRAM 



CS5 0o- 
RA5 oo- 



CS5 10- 



CS5 
OF 



W 



-c TK5 



w 



C55 
Ha5 



w 



CS5 



w 



Ml 



1/01 
1/02 

V03 



M2 



I/O 1 
1/0 2 
1/03 
AO -10 «/04 



M3 



1/01 
1/0 2 
1/0 3 
AO -10 1/04 



M4 



1/01 
I/O 2 
1/0 3 

AQ.-1 Q 1/04 



DQO 
DQ 1 
DQ2 
DQ3 



DQ4 
00 5 
DQ6 
DQ7 



DO 8 
DQ9 
DO 10 
DQ11 



-o DQ12 
■o DO 13 
-o DQ14 
"° DQ15 



CA5 2o 
20 




1/01 
1/0 2 
1/0 3 
AO -10 1/04 



CAT 3o- 



c£S5 

cms 



M7 



1/01 
1/0 2 
1/0 3 
AO -10 1/04 



jr-<OT 



CS5 
ra5 



M8 



W 



1/01 
I/O 2 
1/03 
AO-10 1/0 4 



DQ 16 
DO 17 
DQ18 
DQ19 



DO 20 
DQ21 
DO 22 
DQ 23 



DO 24 
DQ25 
DO 26 
DQ27 



DQ28 
DO 29 
DQ30 
DQ31 



W o 1 

A0-A10 ° ' 

V C c o 1 >■ Ml -8 

V s $ o I » M1 -8 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vjn 


— 1.0-7.0 


V 


j 


Output Voltage 


Vqut 


— 1.0-7.0 


V 


! 


Power Supply Voltage 


Vcc 


— 1.0-7.0 


V 


! 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


TsTG 


— 55-125 


°C 




Soldering Temperature • Time 


^SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


Pd 


5.6 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0* 




0.8 


V 


2 



*-2.0V at pulse width £ 20 ns 
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THM324000S/SG -60/70 



D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTES 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(ESS, CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1040 


mA 


3,4 


THMxxxxxx-70 




880 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CSS=V IH ) 




16 


mA 




!CC3 


ESS ONLY REFRESH CURRENT Average 
Power Supply Current, jjjts Only Mode 
(ESS Cycling, CA5=V m : t RC =t RC MIN.) 


THMxxxxxx-60 




1040 


mA 


3 


THMxxxxxx-70 




880 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RSS ^^.TSSAddress Cycling:tpc=tpc MIN.) 


THMxxxxxx-60 




560 


mA 


3,4 


THMxxxxxx-70 




480 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CS5=V CC -0.2V) 




8 


mA 




I 

CC6 


CAS BEFORE~KA5 REFRESH CURRENT 


THMxxxxxx-60 




1040 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (ESS, CSS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


880 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V IN <6.5V, All Other Pins Not Under Test=0V) 


-80 


80 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V ut^5.5V) 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (I ut= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 16. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A10) 




88 


pF 


CI2 


Input Capacitance (W) 




84 


pF 


CI3 


Input Capacitance (RASO, RAS2) 




42 


pF 


CI4 


Input Capacitance (CASO -CAS3) 




36 


pF 


CDQ 


I/O Capacitance (DQ0-31) 




17 


pF 
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OUTLINE DRAWINGS 



2-03.181 0.05 




• THM324000S .TUM324000SO 



Contacts : Tin - Lead 




C-30 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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THM328020S/SG -60/70 



8,388,608 WORD X 32 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM328020 is a 8,388,608 word by 32 bit dynamic RAM module which is assembled with 16 
TC51 17400J devices on the printed circuit board. The THM328020 can be used as well as 16,777,216 word by 
16 bit by means of connecting DQO and DQ16, DQ1 and DQ17, DQ2 and DQ18, , DQ15 and DQ31, 
respectively. THM328020 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 

• 8,388,608 word by 32 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

5,808mW MAX. Operating (THMxxxxxx-60) 
4,928mW MAX. Operating (THMxxxxxx-70) 
88mW MAX. Standby 

• (JAS before KA"S" refresh, KA"5 only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/32ms 

• Package 

Tin-Lead Contact: THM328020S-60,70 
Gold Contact: THM328020SG-60,70 



KEY PARAMETERS 





-60 


-70 


Irac RAS Access Time 


60ns 


70ns 


1 aa Column Address 
Access Time 


30ns 


35ns 


tcAc CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 



PIN NAMES 



A0-A10 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


CA~5U~C£S3~ 


Column Address Strobe 


RAS0-KA53 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


NC 


NC 


PD1 


V ss 


V ss 


PD2 


NC 


V SS 


PD3 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 



1 



iimmi ninnniiiiHiiniii ~ iiiiiiiiHiiiiiiiiiiiiiiiniiiinim 

1 36 37 72 



1 


Vss 


13 


Al 


25 


DQ22 


37 


NC 


49 


DQ8 


61 


DQ13 


2 


DQO 


14 


A2 


26 


DQ7 


38 


NC 


50 


DQ24 


62 


DQ30 


3 


DQ16 


15 


A3 


27 


DQ23 


39 


V SS 


51 


DQ9 


63 


DQ14 


4 


DQ1 


16 


A4 


28 


A7 


4 


CSSD 


52 


DQ25 


64 


DQ31 


5 


DQ17 


17 


A5 


29 


NC 


41 




53 


DQ10 


65 


DQ15 


6 


DQ2 


18 


A6 


30 


Vcc 


42 


UKS3 


54 


DQ26 


66 


NC 


7 


DQ18 


19 


A10 


31 


A8 


43 


CX5T 


55 


DQ11 


67 


PDO 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RSSD 


56 


DQ27 


68 


PD1 


9 


DQ19 


21 


DQ20 


33 




45 


KA~5T 


57 


DQ12 


69 


PD2 


10 


Vcc 


22 


DQ5 


34 




46 


NC 


58 


DQ28 


70 


PD3 


11 


NC 


23 


DQ21 


35 


NC 


47 


w 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


NC 


48 


NC 


60 


DQ29 


72 


V SS 
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BLOCK DIAGRAM 



DQO-3 



OS o» 
KX5 0© 



ZK5 1» 



CSS 2» 
T052O 



W 

A0-A10 o 




o SAT 1 



o SA5 3 



V CC o- 
V$$ o- 



C1 -16 



Ml -16 
Ml -16 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1.0-7.0 


V 


1 


Output Voltage 


V OUT 


— 1.0-7.0 


V 


1 


Power Supply Voltage 


V cc 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


Pd 


11.2 


W 




Short Circuit Output Current 




50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V, H 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0* 




0.8 


V 


2 



♦-2.0V at pulse width £ 20 ns 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(EATS, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1056 


mA 


3,4 


THMxxxxxx-70 




896 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CA5=V IH ) 




32 


mA 




k:c3 


KS5 ONLY REFRESH CURRENT Average 
Power Supply Current, 5555 Only Mode 
(KS5 Cycling, CA5=VrH: t RC =t RC MIN.) 


THMxxxxxx-60 




1056 


mA 


3 


THMxxxxxx-70 




896 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAT? =ViL,TA5,Address Cycling:t PC =t PC MIN.) 


THMxxxxxx-60 




576 


mA 


3,4 


THMxxxxxx-70 


- 


496 


i 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KX5=CA5==V CC -0.2V) 




16 


mA 




I 

CC6 


CAS BEFORE"KA5 REFRESH CURRENT 


THMxxxxxx-60 




1056 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (RAS*, CA5, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


896 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^VrN^-SV, All Other Pins Not Under Test=0V) 


-160 


160 


11 A 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-20 


20 


OA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 16. Notes -which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~ A 10) 




100 


pF 


CI2 


Input Capacitance (W) 




80 


pF 


CI3 


Input Capacitance (RAS0, KA152) 




40 


pF 


CI4 


Input Capacitance (CAS0 -CAS3) 




35 


pF 


CDQ1 


I/O Capacitance (DQ0-31) 




25 


pF 
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OUTLINE DRAWINGS 



FRONT SIDE 



2-03.18 10.05 



2.03 tO. 13 
6.35 ±0.1 3 



3.3810.13 



107.95 ±0.13 



81 



lllllllinillllllllllll lllllllllllllUllllllllllllllllllllllllllllllfTTTT 



1.27 



R1.57±0.10 
.6.35 ±0.08 



95.25 ±0.08 
101.19 ±0.13 



Unit in mm 



8.89MAX. 




BACK SIDE 



J IIIIIIIIIIIIIIIIIHIIIlllllllllllllll^llllllllllllllllllllllllllllillllllll 




O 


o 




o 


o 


»o 


o 


o 











• THM328020S 

0.9 ±0 08 



Contacts : Tin - Lead 



• THM328020SO 

1.04 ±0.05 



Contacts : Gold 
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THM361020AS/ASG -60/70/80 



1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM361020A is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 8 
TC514400ASJ devices and 4 TC51 1000AJ/BJ devices on the printed circuit board. This module can be used as 
well as 2,097,152 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, 

, DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 

large capacity such as main memory, image memory systems, and others which require compact size. 



FEATURES 



KEY PARAMETERS 



1,048,576 word by 36 bit organization 

Fast access time and cycle time 

Single power supply of 5V± 10% 

Low power 
7,260mW MAX. Operating (THMxxxxxx-60) 
6,160mW MAX. Operating (THMxxxxxx-70) 
5,2844mW MAX. Operating (THMxxxxxx-80) 
66mW MAX. Standby 

CAS before RAS refresh, KA"S only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/8ms (Burst Refresh) 

1,024 Refresh cycles/ 16ms (Distributed Refresh) 

Package 

72pin SIMM Tin-Lead Contact: THM361020AS-60,70,80 
72pin SIMM Gold Contact: THM361020ASG-60,70,80 





-60 


-70 


-80 


tj^c RAS Access Time 


60ns 


70ns 


80ns 


tAA Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ35 


Data Input/Outputs 


CA"50~CA"53" 


Column Address Strobe 


RX50\R~£32~ 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 


NC 


No Connection 





-60 


-70 


-80 


PD0 


V ss 


V SS 


V SS 


PD1 


V SS 


V SS 


V SS 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V SS 
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PIN CONNECTION (TOP VIEW) 



V 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiivmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii 



1 36 37 72 



1 

1 


v 

v ss 


1 J 


A1 


£j 




j i 


nni7 


40 
Hy 




M 
Ol 




2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V SS 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CS5D 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 




53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


V CC 


42 


CSS3 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CSST 


55 


DQ12 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RA15D 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 


NC 


45 


NC 


57 


DQ13 


69 


PD2 


10 


Vex: 


22 


DQ5 


34 


KA5Z 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



US 0» 
1K5 0o 




0018 
0019 
DQ20 
0Q21 



0022 
DQ23 
0024 
DQ25 



0027 
DQ28 
DO 29 
00 30 



DQ31 
OQ32 
DQ33 
DQ34 



MO -11 
MO -11 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 1.0-7.0 


V 


! 


Output Voltage 




— 1.0-7.0 


V 


! 


Power Supply Voltage 


V CC 


— 1.0-7.0 


V 


! 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


T SOLDER 


260*10 


°C»sec 




Power Dissipation 


Pd 


8.0 


W 




Short Circuit Output Current 




50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RSS, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1320 


mA 


3,4 
5 


THMxxxxxx-70 




1120 


THMxxxxxx-80 




you 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KAS=CX5=V IH ) 




24 


mA 




k;c3 


KSS ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(KX5 Cycling, CA5=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




1320 


mA 


3,5 


THMxxxxxx-70 






THMxxxxxx-80 




960 


r cC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KX5 =V rL ,TAS',Address Cyclingitpc^tpc MIN.) 


THMxxxxxx-60 




800 


mA 


3,4 
5 


THMxxxxxx-70 


- 


800 


THMxxxxxx-80 




680 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CAS=V CC -0.2V) 




12 


mA 




*CC6 


CA"5" BEFORE"KXS REFRESH CURRENT 


THMxxxxxx-60 


- 


1320 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CATS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




1120 


THMxxxxxx-80 




960 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V rN <6.5V, All Other Pins Not Under Test=0V) 


-120 


120 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D 0UT is disabled, 0V <V om <5.5V) 


-10 


10 


uA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 4. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




88 


pF 


CI2 


Input Capacitance (W) 




84 


pF 


CI3 


Input Capacitance (RAS0 , RAS2) 




42 


pF 


CI4 


Input Capacitance (CASO - CAS3) 




36 


pF 


CDQ1 


I/O Capacitance (DQ0-7, 9-16, 18-25, 27-34) 




17 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 




22 


pF 
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OUTLINE DRAWINGS 

raH36I020AS/ASG 
FRONT SIDE 



Unit in mm 



2-03.1810.05 




BACK SIDE 



_mm_ O 



•THM361020AS/ASG-60 USB TCS14400ASJ.TC511000BJ 

•TOM361020AS/ASG-70.80.10 USB TC514400ASJ .TCS11000AJ 
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THM3610BQAS/ASG -70/80 



1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM3610B0AS/ASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 
2 TC51 18180AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 
bit by means of connecting DQ0 and DQ18, DQ1 and DQ19, DQ2 and DQ20, , DQ17 and DQ35, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 

• 1,048,576 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,650mW MAX. Operating (THMxxxxxx-70) 
l,430mW MAX. Operating (THMxxxxxx-80) 
llmWMAX. Standby 

• UKS before RSS refresh, KA~S only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1 ,024 Refresh cycles/1 6ms 

• Package 

Tin-Lead Contact: THM3610B0AS-xx 
Gold Contact: THM3610B0ASG-xx 



KEY PARAMETERS 





-70 


-80 


tj^c RAS Access Time 


70ns 


80ns 


t AA Column Address 
Access Time 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


t RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQO-DQ35 


Data Input/Outputs 


CSSD~C7fS3 


Column Address Strobe 


RS5D,RS52 


Row Address Strobe 


W 


Read/Write Input 


Vcc 


Power (+5V) 


V ss 


Ground 


PD 


Presence Detect Pin 


NC 


No Connection 





-70 


-80 


PD0 


V SS 


V SS 


PD1 


V SS 


V SS 


PD2 


V SS 


NC 


PD3 


NC 


V SS 
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PIN CONNECTION (TOP VIEW) 



o 



1 1 1 n i n 1 1 1 1 n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ipgwi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 1 1 1 1 1 n 1 1 1 1 1 



1 36 37 72 



1 

1 


v ss 


1 1 


A 1 

Al 


Id 








4y 


uyy 


£ 1 




2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V SS 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CSSD 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CAT52 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


V CC 


42 


CAISS 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CSST 


55 


DQ12 


67 


PDO 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RAS0 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 


NC 


45 


NC 


57 


DQ13 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


KAT52 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


V CC 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 




fiA$2 
US 2 
C53 



ra5 

UCAS" 
OT 



M2 



w 



A0~9 



1/01 
1/0 2 
1/03 
1/04 
1/0 5 
1/0 6 
1/0 7 
1/08 
1/09 
I/0 10 
1/011 
1/012 
I/0 13 
1/014 
1/015 
1/016 
1/017 
1/018 



W o- 

A0~A9 C 

V CC o- 

Vss o- 



Ml, 2 
Ml, 2 



TneuiRA AMCDir a ci crTonwir rouonMCMTe iur 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Tnrait t q cta 
lixpui vuiiagc 


V™, 
V IN 


o s~v 4. n s 


v 

V 




vjuipui VUlUlgC 


V 

v OUT 


U.J— ▼ -r U.J 


V 

V 




Power Supply Voltage 


V CC 


0.5-7.0 


v 




Operating Temperature 


Topr 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260* 10 


°C»sec 




Power Dissipation 


Pd 


1.8 


W 




Short Circuit Output Current 


!oUT 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




V cc + 0.5* 


V 


2 


Vil 


Input Low Voltage 


-0.5** 




0.8 


V 


2 



♦Vcc + 2.0V at pulse width £ 20 ns (pulse width measured at Vcc) 
**-2.0V at pulse width <, 20 ns (pulse width measured at 0V) 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = SV ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


r cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA"5, CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




300 


raA 


3,4 
5 


THMxxxxxx-80 




260 


*CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA"5=CA~5=V IH ) 




4 


mA 




k:c3 


WKS ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(R"£5 Cycling, CA"5=V IH : t RC =tRc MIN.) 


THMxxxxxx-70 




300 


mA 


3,5 


THMxxxxxx-80 




260 


r cC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RSS =V rL ,"CS5,Address Cyclingrtp^tpc MIN.) 


THMxxxxxx-70 




170 


mA 


3,4 
5 


THMxxxxxx-80 


- 


150 


l CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=€A"5=V CC -0.2V) 




2 


mA 




! CC6 


CA"5 BEFORE"R£5 REFRESH CURRENT 


THMxxxxxx-70 




300 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (KM, CSS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-80 




260 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V!N<6.5V, All Other Pins Not Under Test=0V) 


-20 


20 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9) 




15 


pF 


CI2 


Input Capacitance (W) 




19 


pF 


CI3 


Input Capacitance (RAS0, R"A"52) 




12 


pF 


CI4 


Input Capacitance (CAS0 -CAS3) 




12 


pF 


CDQ 


I/O Capacitance (DQ0-35) 




12 


pF 
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OUTLINE DRAWINGS 

THM3610B0AS/ASG 



Unit : mm 



6.35 1 0.13. 



1 07.95 1 0.1 3 



2-03. 18 ±0.05 



1 1 ■ 1 1 1 1 1 ■ 1 1 ■ 1 1 1 1 1 1 1 1 1 n 1 1 1 1 i^iiiiimnii 

,11 ,1.27 R1.57i0.10 yfc f 1 6.35 10.08 



95.25 1 0.08 



101. 1910.13 



5.08MAX. 




DETAIL OF CONTACTS • THM36 1 0B0AS/ ASG 

1.0410.05 



Contacts : Tin-Lead / Gold 
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TOSHIBA 



THM361070AS/ASG -60/70/80 



1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM361070AS/ASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 
8 TC514400SJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 



FEATURES 



KEY PARAMETERS 



1 ,048,576 word by 36 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% 
Low power 

5,940mW MAX. Operating (THMxxxxxx-60) 
4,950mW MAX. Operating (THMxxxxxx-70) 
4,208mW MAX. Operating (THMxxxxxx-80) 
49.5mW MAX. Standby 

UKS before KAS refresh, KAU only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/1 6ms 

Package 

72 pin SIMM Tin-Lead Contact: THM361070AS-60,70,80 
72 pin SIMM Gold Contact: THM361070ASG-60,70,80 





-60 


-70 


-80 


tj^c RAS Access Time 


60ns 


70ns 


80ns 


t^ Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ35 


Data Input/Outputs 


CSS" 


Column Address Strobe 


R~A~5" 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 


NC 


No Connection 





-60 


-70 


-80 


PD0 


V SS 


v ss 


V ss 


PD1 


V SS 


V SS 


V ss 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V ss 


PD4 


NC 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 



o 

1 IIIIII11II1II11III1I1IIIIII1III1III1U lllllllllllllllllllllllllllllllllllll 

1 36 37 72 



1 


* ss 


13 


Al 


25 


DQ13 


37 


DQ19 


49 


DQ22 


61 


DQ33 


2 


DQO 


14 


A2 


26 


DQ14 


38 


DQ20 


50 


DQ23 


62 


DQ34 


3 


DQ1 


15 


A3 


27 


DQ15 


39 


V SS 


51 


DQ24 


63 


DQ35 


4 


DQ2 


16 


A4 


28 


A7 


40 


CX5 


52 


DQ25 


64 


NC 


5 


DQ3 


17 


A5 


29 


DQ16 


41 


NC 


53 


DQ26 


65 


NC 


6 


DQ4 


18 


A6 


30 


V C c 


42 


NC 


54 


DQ27 


66 


NC 


7 


DQ5 


19 


DE 


31 


A8 


43 


NC 


55 


DQ28 


67 


PD0 


8 


DQ6 


20 


DQ8 


32 


A9 


44 


KX5 


56 


DQ29 


68 


PD1 


9 


DQ7 


21 


DQ9 


33 


NC 


45 


NC 


57 


DQ30 


69 


PD2 


10 


V C c 


22 


DQ10 


34 


NC 


46 


DQ21 


58 


DQ31 


70 


PD3 


11 


PD4 


23 


DQ11 


35 


DQ17 


47 


W 


59 


V CC 


71 


NC 


12 


AO 


24 


DQ12 


36 


DQ18 


48 


V SS 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



CAT 
Of 



W 

A0-A9 
V C C 
V$$ 



CSS 

or 



CAT 
KAT 
Of 



OS 
KAT 



CAT 
RAT 
Of 



CAT 
KAT 

of 



-cCaT 
■<JuSS 
-< Of 



CAT 
RAT 
Of 



CAT 
RAT 
Of 



CAT 
HAT 
Of 



W 



I/0 1 

Ml 1/02 
M» 1/03 
A0~9 I/Q4 



1/01 

M n 1/0 2 

1/03 

W AO-9 1/04 



W 



1/01 

M 3 1/0 2 

M3 1/03 
A0~9 1/0 4 



W 



1/01 

ium 1/0 2 

M4 1/03 

A0~9 1/04 



1/01 

M«; 1/02 
Mb 1/03 

W A0~9 1/04 



W 



1/01 

M6 jjgg 

A0~9 1/04 



I/O 1 

M7 1/02 
M/ 1/03 

W AO-9 1/0 4 



W 



I/O 1 

MR 1/02 
Mo 1/03 
A0~9 1/04 



W 



I/O 1 

MQ >/0 2 

M9 1/03 

A0~9 1/0 4 



M1-9 
M1~9 



DQO 
0Q1 
DQ2 
0Q3 



DQ4 
DO 5 
DQ 6 
DQ7 



DQ8 
DO 9 
DQ10 
DQ11 



DO 12 
DQ13 
DQ14 
DQ IS 



DO 16 
DO 17 
DQ18 
DQ19 



DO 20 
DO 21 
DQ22 
DQ23 



DO 24 
DQ25 
DO 26 
DQ27 



DQ 28 
DO 29 
DQ30 
DQ31 



DQ32 
DQ 33 
DQ34 
DQ35 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1.0-7.0 


V 


1 


Output Voltage 


VoUT 


— 1.0-7.0 


V 


1 


Power Supply Voltage 


V C c 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


P D 


6.3 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KA"S, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1080 


mA 


3,4 
5 


THMxxxxxx-70 




900 


THMxxxxxx-80 




765 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RSS=CSS=V IH ) 




18 


mA 






R"A"5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(KA5 Cycling, CAS=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




1080 


mA 


3,5 


THMxxxxxx-70 




y\A) 


THMxxxxxx-80 




765 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"X5 =VjL,"C55,Address Cyclingitpc^pc MIN.) 


THMxxxxxx-60 




630 


mA 


3,4 

5 


THMxxxxxx-70 


- 


630 


THMxxxxxx-80 




540 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KXS=CX5=V CC -0.2V) 




9 


mA 




I 

CC6 


CSS BEFORETfSS REFRESH CURRENT 


THMxxxxxx-60 


- 


1080 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS", CAS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




900 


THMxxxxxx-80 




765 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V m <6.5V, All Other Pins Not Under Test=0V) 


-90 


90 


UA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V 0UX <5.5V) 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iotrr 11 -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9) 




80 


pF 


CI2 


Input Capacitance (W, 0~E) 




70 


pF 


CI3 


Input Capacitance (RAS) 




60 


pF 


CI4 


Input Capacitance (CAS) 




50 


pF 


CDQ 


I/O Capacitance (DQ0-35) 




15 


pF 
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OUTLINE DRAWINGS 
THM361070AS/ASG 



Unit : mm 



2-03.18 ±0.05 



5.08MAX. 




DETAIL OF CONTACTS • THM36 1 070AV ASG 

1.0410.05 



5- 



N 



Contacts : Tin-Lead / Gold 
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THM362020AS/ASG -W70/-80 



2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM362020A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 16 
TC514400ASJ devices and 8 TC51 1000BJ/AJ devices on the printed circuit board. This module can be used as 
well as 4,194,304 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, 

, DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 

large capacity such as main memory, image memory systems, and others which require compact size. 



FEATURES 



KEY PARAMETERS 



2,097,152 word by 36 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% 
Low power 

7,392mW MAX. Operating (THMxxxxxx-60) 
6,292mW MAX. Operating (THMxxxxxx-70) 
5,416mW MAX. Operating (THMxxxxxx-80) 
132mWMAX. Standby 

UKS before KAS refresh, KKS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/8ms (Burst Refresh) 

1,024 Refresh cycles/1 6ms (Distributed Refresh) 

Package 

72 pin SIMM Tin-Lead Contact: THM362020AS-60,70,80 
72 pin SIMM Gold Contact: THM362020ASG-60,70,80 





-60 


-70 


-80 


tj^c RAS Access Time 


60ns 


70ns 


80ns 


tAA Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQO-DQ35 


Data Input/Outputs 


CA"50~~CA"53~ 


Column Address Strobe 




Row Address Strobe 


W 


Read/Write Input 


V C c 


Power (+5V) 


V ss 


Ground 


NC 


No Connection 





-60 


-70 


-80 


PD0 


NC 


NC 


NC 


PD1 


NC 


NC 


NC 


PD2 


NC 


V ss 


NC 


PD3 


NC 


NC 


V SS 



THM362020AS/ASG -60/70/80 



PIN CONNECTION (TOP VIEW) 




1 36 37 72 



I 


v 

v ss 


1^ 

ID 


Al 


95 




^7 

j i 


nni7 


40 




Dl 




2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V ss 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CA150 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CATJZ 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


V cc 


42 


C7C53" 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CftST 


55 


DQ12 


67 


PDO 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


K7\50 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 




45 


EAST 


57 


DQ13 


69 


PD2 


10 


V C c 


22 


DQ5 


34 


KAT52 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



cTTo 



BaTOo- 



CATl 



CAT 2 



T&52 o- 



C4T3 



Wo- 
A0-A9 o- 
V cc o- 



V S jo- 



CAT 1/01 
*A5 mo jgj 

7 ? — 



DQ0-3 



OS 
KaT 
oT 



Ml 

W AO-9 



ITOT 
1/0 2 
1/03 
1/04 



DQ4-7 



I/O 1 
1/0 2 
1/03 
1/04 



M12 
AO-9 W 



CAT 

res 

OT 



CAS M2 Din 

R55 W A0-9Dout 



DQ8 



1751 

•/0 2 M1 , 
M13 

1/0 3 AO-9 W 
|/04 A °-9 W 



CAT 
BAT 
OT 



Din M14 CAS 

Dout AO-9 W m 



CAT 

KaT 
OT 



I/O 1 

M , 1/02 
W A0 ^l/04 



IE 



CAT 

EaT 
OT 



M4 

W AO-9 



1/01 
1/0 2 
1/0 3 
1/0 4 



DQ 13-16 



1/01 
1/02 
1/03 
1/04 



M15 
AO-9 W 



CAT 
RAT 
OT 



1/01 
1/0 2 
1/0 3 
1/0 4 



M16 
AO-9 W 



CAT 
EaT 
OT 



CAT M5 Din 

EaT W AO-9 Dout 



-IT* 



CAT 
RaT 
OT 



DQ 17 



P3. 



Din M17 CAT 

Dout AO-9 W Ea5 



CAT 

raT 
oT 



1/01 

M6 jg* 

3ZZ 



dq ig-2i 



CAT 

7ES5 W 



1/01 
n/17 I/O 2 
— M7 I/O 3 

W A °- 9 l/g4 

V 1 



DQ 22-25 



I/O 1 

1/0 3 AO-9 W 
l/0 4 Aua 



CAT 
01 



M8 



CAT 

*aT 
OT 



5 



Din 
AO-9 Dout 



DQ 26 



I/O 1 



|g J M» _ TO 



CAT 
RAT 

OT 



Din M20 
Dout AO-9 W 



CAT 
EAT 



I/O 1 

M9 1/02 

W AO-9 1/0 3 

1/04 



1/01 
1/0 2 
1/0 3 
1/0 4 



CAT 

*aT 
OT 



M10 
W AO-9 



T 



1/01 
1/02 
1/0 3 
1/04 



DQ 31-34 



CAT 

M21 _ TiAT 
AO-9 W OT 



I/O 1 

Kgl M22 
1/0 3 AO-9 W 



1/0 4 



CAT 

TSaT 
oT 



CAT Mil Din 
WSS W AO-9 Dout 



DQ35 



Din M23 CAT 

Dout AO-9 W E55 



X 



CO-23 



MO-23 
MO-23 



-oKaTi 



-oRAT3 



TrtGUIRA AMCDIPA Bl Cf»TDr»Mir mUDnMBUTC IKir* 



THM362020AS/ASG -60/70/80 



ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


V IN 


— 1.0-7.0 


v 


1 


Output Voltage 




1.0-7.0 


v 


■ 


Power Supply Voltage 


Vrr 

* cc 


— 1.0-7.0 


V 


J 


Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260« 10 


°C»sec 




Power Dissipation 


Pd 


16.0 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MEN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 



C.-FM 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KAU, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1344 


mA 


3,4 
5 


THMxxxxxx-70 




1144 


THMxxxxxx-80 




984 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KAS=C7\5=V IH ) 




48 


mA 




k;c3 


R"A5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(RAS Cycling, CA5=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




1344 


mA 


3,5 


THMxxxxxx-70 




1144 


THMxxxxxx-80 




984 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA5 ^rL.'CAS'Address Cyclingrtpc^pc MIN.) 


THMxxxxxx-60 




824 


mA 


3,4 
5 


THMxxxxxx-70 


- 


824 


THMxxxxxx-80 




704 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KX5=CA5=V CC -0.2V) 




24 


mA 




I 

CC6 


CAS" BEFORE"KA5 REFRESH CURRENT 


THMxxxxxx-60 




1344 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




1144 


THMxxxxxx-80 




984 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<VrN<6.5V, All Other Pins Not Under Test=0V) 


-Z4U 


Z4U 


uA 




0(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-20 


20 


uA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout = -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 4.Notes which are referenced 
in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V± 10%, f= 1MHz, Ta= 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9) 




161 


pF 


CI2 


Input Capacitance (W) 




168 


P F 


CI3 


Input Capacitance (R"Al?0~RA"52) 




42 


pF 


CI4 


Input Capacitance (CA~50~CA"53~) 




42 


pF 


CDQ1 


I/O Capacitance (DQ0-7, 9-16, 18-25, 27-34) 




29 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 




39 


pF 
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OUTLINE DRAWINGS 

THM362020AS/ASG 
FRONT SIDE 



2-03.1810.05 



107.95 ± 0.13 



iiiiii iiiiii nun iiiiii iiiiii iiiiii nun mm rrrm rrrm 



' nun i i iTrr ' i un i iii i i i " tii i i i ii iirr ' i in i i i iii ii ' ttiii i i i i ii i ' m ii i ii irmr 
mill mm iiiiii nun rrrm mm nun null IIIIII IIIIII..111111 mm 



/f f IIIIIIIIIHIIIIIIII1IIIIIIIIIIIIIIIIII ^lllllllllllllllllllllllllllTmmTTTI 

> 1 R1.571 



2.0310.13 



6.3510.13 



i ni ii " mi ii i iiii i " i ii ni 1 1 1 1 1 1 11 inn 1 1 1 1 1 1 " 1 1 1 1 1 r 



1 0.10 



6.3510.08 



95.2510.08 



101.1910.13 



Unit in mm 



8.89MAX 




BACK SIDE 



o O 

rrrm mm rrrm rrrm rrrm rrrm rrrm rrrm rnm rrrm rrmri nTm 
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•THM362020AS/ASG-60 USE TC514400ASJ , TC51 1000BJ 

•THM362020AS/ASO-70,80,10 USE TC514400ASJ , TC511000AJ 



• THM362020AS • THM362020ASO 



Contacts : Tin - Lead 
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2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM362040A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 18 
TC514400ASJ devices and 8 TC51 1000BFT devices on the printed circuit board. This module can be used as 
well as 2,097,152 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, DQ1 and 
DQ19, DQ2 and DQ20, , DQ17 and DQ35, respectively. This module is optimized for applications which 
require high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 



FEATURES 



KEY PARAMETERS 



2,097,152 word by 36 bit organization 
Fast access time and cycle time 
Single power supply of 5V± 10% 
Low power 

7,392mW MAX. Operating (THMxxxxxx-60) 
6,292mW MAX. Operating (THMxxxxxx-70) 
5,416mW MAX. Operating (THMxxxxxx-80) 
132mW MAX. Standby 

UKS before KKS refresh, KKS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/8ms (Burst Refresh) 

1,024 Refresh cycles/16ms (Distributed Refresh) 

72 pmSIMM Tin-Lead Contact: THM362040AS-60,70,80 
72 pin SIMM Gold Contact: THM362040ASG-60,70,80 





-60 


-70 


-80 


tRAc RAS Access Time 


60ns 


70ns 


80ns 


Ua Column Address 
Access Time 


30ns 


35ns 


40ns 


tcAc CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DO0-DQ35 


Data Input/Outputs 


CSSD-CS53" 


Column Address Strobe 


KA"5U~R~A"53" 


Row Address Strobe 


W 


Read/Write Input 


V CC 


Power (+5V) 


V ss 


Ground 


NC 


No Connection 





-60 


-70 


-80 


PD0 


NC 


NC 


NC 


PD1 


NC 


NC 


NC 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V ss 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



I 


v ss 


13 


Al 


25 


DQ24 


37 


DQ17 


49 


DQ9 


61 


DQ14 


2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V SS 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


€A"50 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CA152 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


V C c 


42 


UKS3 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CAUT 


55 


DQ12 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


KA"5T 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 




45 


NC 


57 


DQ13 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


RSS2 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



CATo 



.rato< 



CATi 



CAT 2 



RAT20- 



CAT3 



Wo- 
A0-A9o- 
V CC o- 
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31 



1/01 
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AO-9" 03 



DQO-3 
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RAT 

OT w 

r 



Ml 



VOT 
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A0-9" 03 
* ua l/0 4 



CAT 
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T 
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I/O 1 
1/0 2 
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M12 
AO-9 W 



OS 

rat 

01 



M2 



5 



Din 
AO-9 Pout 



DQ8 



T?bT 
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1/04 



AO-9 



M13 



W 



CAT 
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Din M14 
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CAT 
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CAT 

RAT M3 

5f W AO-9 



CAT 
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1/01 
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1/04 
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W AO-9 
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1/03 
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DQ 13-16 
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M15 
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CAT 
RAT 
OT 



PX 



I/O 1 
1/0 2 
1/0 3 
1/04 



M16 
AO-9 W 



CAT 
TEAT 
OT 



CAS MS Din 

RAT W AO-9 Dout 



DQ17 



fx 



Din M17 CAT 

Dout AO-9 W RAT 



CAT 
RAT 
OT 



M6 

W AO-9 



1/01 
1/0 2 
1/0 3 
1/0 4 



I/O 1 
1/0 2 
1/0 3 
1/0 4 



M18 
AO-9 W 



CAT 
RAT 
OT 



CAT 
RAT 
OT 



M7 

W AO-9 



I/O 1 
1/0 2 
1/0 3 
1/0 4 



DQ 22-25 



1/01 
I/O 2 
1/0 3 
1/0 4 



M19 
AO-9 W 



CAT 
RAT 
OT 



CAT 

RAT W 



M8 Din . 

AO-9 Dout 



DQ 26 



Din M20 CAS 
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CAT 
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C* 



M9 

W AO-9 



1/01 
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AO-9 W 
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CAT 
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1/01 
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w A °- 9 i;g4 
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DQ 31-34 
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1/0 3 
1/0 4 



M22 
AO-9 W 
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RAT 
OT 



DQ35 



CAT Mil Din 
RAT W AO-9 Dout 

If 



T 
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Din M23 CaT 
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7 



X 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


VlN 


— 1.0-7.0 


V 


1 


Output Voltage 


V OUT 


— 1.0-7.0 


V 


1 


Power Supply Voltage 


Vcc 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


T SOLDER 


260*10 


°C«sec 




Power Dissipation 


P D 


16.0 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input HighVoltags 


2.4 




6.5 


V 


2 


V,l 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(HAS, CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 


- 


1344 


mA 


1 A 

j, 4 
5 


THMxxxxxx-70 


- 


1144 


THMxxxxxx-80 


- 


984 


! CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V IH ) 




48 


mA 




k;c3 


R"A"5 ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(KX5 Cycling, CS5=V ffl : t RC =t RC MIN.) 


THMxxxxxx-60 




1344 


mA 


3,5 


THMxxxxxx-70 


- 


1144 


THMxxxxxx-80 


- 


984 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA5 =ViL,TX5,Address Cyclingitp^tpc MIN.) 


THMxxxxxx-60 


- 


824 


mA 


3,4 
5 


THMxxxxxx-70 




824 


THMxxxxxx-80 


- 


704 


l CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V CC -0.2V) 




24 


mA 




l CC6 


CSS BEFORETJXS REFRESH CURRENT 


THMxxxxxx-60 




1344 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (KA"5, CSS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


1144 


THMxxxxxx-80 




984 


I 

1 {Is) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V^V!N<6.5V, All Other Pins Not Under Test=0V) 


-240 


240 


uA 




! 0(L) 


OUTPUT LEAKAGE CURRENT 
(D OU t is disabled, 0V ^Vqut^^V) 


-20 


20 


uA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 12. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




161 


pF 


CI2 


Input Capacitance (W) 




168 


pF 


CI3 


Input Capacitance (RAS0-RAS3) 




42 


pF 


CI4 


Input Capacitance (CAS0-CAS3) 




42 


pF 


CDQ1 


I/O Capacitance (DQ0-7, 9-16, 18-25, 27-34) 




29 


pF 


CDQ2 


I/O Capacitance (DQ8.17, 26, 35) 




39 


pF 
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OUTLINE DRAWINGS 



THM362040AS/ASG 



FRONT SIDE 



Unit i 



2-03.18 ±0.05 




BACK SIDE 





1 II 




fTTm itttti mrn rmm nrm mm mm mm 



o 



|i mi 1 1 1 r rr"i 1 1 i 1 1 unjj'Ymn i n i ir 'iiii ii irmr 



•THM362040AS/ASG-60,70,80,10 USB TC514400ASJ .TC5UO0OBFT 



• THM362040AS • THM362040ASG 



Contacts : Tin - Lead 
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2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM3620C0A is a 2,097,152 words by 36 bit dynamic RAM module which is assembled with 4 
TC51 18180 AJ devices on the printed circuit board. This module can be as well used as 4,193,304 word by 18 
bit by means of connecting DQ0 and DQ18, DQ1 and DQ19, DQ2 and DQ20, , DQ17 and DQ35, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 



FEATURES 

• 2,097,152 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

l,672mW MAX. Operating (THMxxxxxx-70) 
l,452mW MAX. Operating (THMxxxxxx-80) 
22mW MAX. Standby 

• CAS before KAS refresh, KAS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 Refresh cycles/1 6ms 

• Package 

72 pin SIMM Tin-Lead Contact: THM3620C0AS-xx 
72 pin SIMM Gold Contact: THM3620C0ASG-xx 



KEY PARAMETERS 





-70 


-80 


tRAc RAS Access Time 


70ns 


80ns 


*aa Column Address 
Access Time 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


t RC Cycle Time 


130ns 


150ns 


tpc Fast Page Mode 
Cycle Time 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQ0-DQ31 


Data Input/Outputs 


CA~SU~CA"53~ 


Column Address Strobe 


KX50~KX53" 


Row Address Strobe 


W 


Read/Write Input 


V C c 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 


NC 


No Connection 





-70 


-80 


PD0 


NC 


NC 


PD1 


NC 


NC 


PD2 


V ss 


NC 


PD3 


NC 


V SS 
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PIN CONNECTION (TOP VIEW) 



O 

1 



immiiiimiiimiiiiiiiiiiiiiiiMmmmitmiiiiiiiimiiiiiiimi 



1 36 37 72 



1 
1 


v 
v ss 




A 1 


ZD 




VI 


TV117 






OI 


TV41.4 


2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V ss 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CSSD 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CA"52 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


Vcc 


42 


CSS? 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CS5T 


55 


DQ12 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RSSD 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 


KA"53 


45 




57 


DQ13 


69 


PD2 


10 


Vcc 


22 


DQ5 


34 


KA"52 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 
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1/011 


1/012 




1/012 


1/013 




1/013 


1/014 




1/014 


1/015 




1/015 


1/016 




1/016 


1/017 




1/017 


A0 ~9 1/018 




1/018 AO-9 



M4 



rear 
or 



Ra?3 



w 



W o 1 1 

A0~A9 i 1 

V cc o 1 +. M1~4 

V ss o 1 »»M1~4 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vim 
* IN 


— 0.5~V CC + 0.5 


v 





Output Voltage 


Vqut 


— 0.5~V CC + 0.5 


v 




Power Supply Voltage 


V rr 


— 0.5-7.0 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


TsTG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


P D 


3.6 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




V cc + 0.5 


V 


2 


V,l 


Input Low Voltage 


-0.5 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(R"SS, CSS", Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




304 


mA 


3,4 
5 


THMxxxxxx-80 




264 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CS5=V IH ) 




8 


mA 




k:c3 


KSS ONLY REFRESH CURRENT Average 
Power Supply Current, rt^j Only Mode 
(KSS Cycling, CSS=V IH : t RC =t RC MIN.) 


THMxxxxxx-70 




304 


mA 


3,5 


THMxxxxxx-80 




264 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(ESS =V IL ,~CS5,Address Cyclingrtpc^pc MIN.) 


THMxxxxxx-70 




174 


mA 


3,4 
5 


THMxxxxxx-80 




154 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS=CS5=V CC -0.2V) 




4 


mA 




I 

CC6 


CSS BEFORE~KS5 REFRESH CURRENT 


THMxxxxxx-70 




304 


mA 


3,5 


Average Power Supply Current, CSS Before RAS 
Mode (ESS, CSS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-80 


- 


264 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V rN <6.5V, All Other Pins Not Under Test=0V) 


-40 


40 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT <5.5V) 


-20 


20 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta= 0~70°C) 



SYMBOL 


PARAMETER 


MLN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A9) 




25 


pF 


CI2 


Input Capacitance (W) 




33 


pF 


CI3 


Input Capacitance (RAS0~KA~53) 




12 


pF 


CI4 


Input Capacitance (CASO -CAS3) 




19 


pF 


CDQ 


I/O Capacitance (DQO-35) 




19 


pF 
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OUTLINE DRAWINGS 
THM3620C0AS/ASG 



Unit : mm 



FRONT SIDE 



2.03 ±0.13, 



6.35 ±0. 13. 



3.38 ±0.13. 



107.951 0.13 



R1.57 + 0.10 > 



V 



6.35 ±0.08 



101.19±0.13 



2-03.18 ±0.05 



J I 1 ■ 



+ 0.10 
1.27-0.08 



1 MINIMI Mil Illinium II III II Iml^lllllllllllllmMlllllllllllllllml 


J 










o 


Luu uu 






o 



DETAIL OF CONTACTS •THM3620C0AS/ASG 

1.04 + 0.05 



Contacts : Tin-Lead / Gold 
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2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM362060A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 18 
TC514400ASJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 



FEATURES 



KEY PARAMETERS 



2,097,152 word by 36 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% 
Low power 

6,039mW MAX. Operating (THMxxxxxx-60) 
5,049mW MAX. Operating (THMxxxxxx-70) 
4,307mW MAX. Operating (THMxxxxxx-80) 
99mW MAX. Standby 

UKS before KKS refresh, KAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 

1,024 Refresh cycles/ 16ms 

Package 

72 pin SIMM Tin-Lead Contact: THM362060AS-60,70,80 
72 pin SIMM Gold Contact: THM362060ASG-60,70,80 





-60 


-70 


-80 


tRAc RAS Access Time 


60ns 


70ns 


80ns 


t^ Column Address 
Access Time 


30ns 


35ns 


40ns 


tc AC CAS Access Time 


20ns 


20ns 


20ns 


t RC Cycle Time 


115ns 


130ns 


150ns 


t rc Fast Page Mode 
Cycle Time 


45ns 


45ns 


50ns 



PIN NAMES 



A0-A9 


Address Inputs 


DQO-DQ35 


Data Input/Outputs 


CASU.CSST 


Column Address Strobe 


RSSD.RSST 


Row Address Strobe 


W 


Read/Write Input 


DE 


Output Enable 


V CC 


Power (+5V) 


V ss 


Ground 


PD 


Presence Detect Pin 


NC 


No Connection 





-60 


-70 


-80 


PD0 


NC 


NC 


NC 


PD1 


NC 


NC 


NC 


PD2 


NC 


V SS 


NC 


PD3 


NC 


NC 


V ss 


PD4 


NC 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 



I ii 1 1 n 1 1 1 1 1 1 1 1 1 1 1 n 1 1 n 1 1 n 1 1 1 1 1 n in ^ n n i n i ii 1 1 1 1 1 1 1 1 n 1 1 1 iiiiiiin 

1 36 37 72 



1 


V SS 


13 


Al 


25 


DQ13 


37 


DQ19 


49 


DQ22 


61 


DQ33 


2 


DQO 


14 


A2 


26 


DQ14 


38 


DQ20 


50 


DQ23 


62 


DQ34 


3 


DQ1 


15 


A3 


27 


DQ15 


39 


V SS 


51 


DQ24 


63 


DQ35 


4 


DQ2 


16 


A4 


28 


A7 


40 


CX50 


52 


DQ25 


64 


NC 


5 


DQ3 


17 


A5 


29 


DQ16 


41 


NC 


53 


DQ26 


65 


NC 


6 


DQ4 


18 


A6 


30 


V CC 


42 


NC 


54 


DQ27 


66 


NC 


7 


DQ5 


19 


OE 


31 


A8 


43 


CAST 


55 


DQ28 


67 


PD0 


8 


DQ6 


20 


DQ8 


32 


A9 


44 


RS5D 


56 


DQ29 


68 


PD1 


9 


DQ7 


21 


DQ9 


33 


NC 


45 


KX5T 


57 


DQ30 


69 


PD2 


10 


V CC 


22 


DQ10 


34 


NC 


46 


DQ21 


58 


DQ31 


70 


PD3 


11 


PD4 


23 


DQ11 


35 


DQ17 


47 


W 


59 


V CC 


71 


NC 


12 


AO 


24 


DQ12 


36 


DQ18 


48 


V ss 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



us 
or 



us 

IBS 
CE 



Ca5 

rat 

OT 



CaT 
KaT 
CE 



CaT 
KaT 
Of 



OS 



us 



us 

RAT 

0E 



OS 
ICS 
OT 



M1 



W 



I/O t 
1/0 2 
1/0 3 

A0~9 



0Q£± 



W 



l/OI 

M? 1/02 
A0~9 l/Q< 



DQ4-7 



W 



I/O 1 

M3 1/0 2 

Mi , /03 

AO-9 1/04 



.DQJ^ 



W 



1/01 

M4 &8§ 

A0~9 1/04 



DQI^ 



15 



W 



1/01 

mc 1/0 2 

M5 u03 

A0~9 1/04 



W 



I/O 1 

M6 jjg§ 

A0~9 1/04 



DQ 2g~23 



W 



I/O 1 

M7 88i 

A0~9 1/04 



W 



I/O 1 

M8 £ § 

A0~9 1/04 



M9 



W 



I/O 1 
1/0 2 
1/0 3 
A0~9 1/0 4 



I/O 1 
1/0 2 
1/03 
1/0 4 



M10 



A0~9 



W 



I/O 1 

281 M11 

1/04 A0~9 



W 



1/01 
1/0 2 
1/03 
I/Q4 AO-9 



M12 



I/O 1 

&8§ M13 

I/O 4 A0~9 W 



1/01 

E8i M14 

I/O 4 AO-9 W 



I/O 1 

881 M15 

I/O 4 A0~9 



W 



I/O 1 
1/0 2 
1/0 3 

1/0 4 A0~9 



M16 



W 



I/O 1 

&8§ M17 

I/O 4 A0~9 



W 



1/01 
1/0 2 
1/03 

1/0 4 A0~9 W 



M18 



OS 
RA5 
01 



CAT 
ICS 

or 



£aT[>- 
1BS>- 
W SE>~ 



Ca5 
KaT 
_5E>- 



OS 
IBS 
OT 



OS 
IBS 
OT 



OS^ 
1BS>- 
OT >- 



OS>- 
1BS>- 
0T>- 



CS 
IBS 
OT 



-0OS1 
-0JBS1 



W o 1 1 

A0~A9 i " 1 

V cc o . » M1~18 

i C 

V$ s o I *- M1~18 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



C-75 



THM362060AS/ASG -60/70/80 



ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vjn 


— 1.0-7.0 


V 


! 


Output Voltage 


Vqjjj 


— 1.0-7.0 


V 


! 


Power Supply Voltage 


V C c 


— 1.0-7.0 


V 


! 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


TsOLDER 


260 • 10 


°C»sec 




Power Dissipation 


Pd 


12.6 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


^Cl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(EA"5, CATS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1098 


mA 


3,4 
5 


THMxxxxxx-70 




918 


THMxxxxxx-80 




783 


! CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KAS=CX5=V IH ) 




36 


mA 




*CC3 


KXS" ONLY REFRESH CURRENT Average 
Power Supply Current, r^s Only Mode 
(KA"5 Cycling, CA1?=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




1098 


mA 


3,5 


THMxxxxxx-70 




918 


THMxxxxxx-80 




783 


r CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KA5 =V IL ,"CAS,Address Cyclingrtpc^pc MIN.) 


THMxxxxxx-60 




648 


mA 


3,4 
5 


THMxxxxxx-70 


- 


648 


THMxxxxxx-80 




558 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=CA5=V CC -0.2V) 




18 


mA 




! CC6 


CSS" BEFORE"KA5 REFRESH CURRENT 


THMxxxxxx-60 


- 


1098 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS", CAS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




918 


THMxxxxxx-80 




783 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V rN <6.5V, All Other Pins Not Under Test=0V) 


1 OA 

-lot) 


1 OA 


uA 




'o(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, OV <V oux <5.5V) 


-20 


20 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta= 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9) 




130 


pF 


CI2 


Input Capacitance (W, OE) 




130 


pF 


CI3 


Input Capacitance (RASO, KA"5T) 




70 


pF 


CI4 


Input Capacitance (CASO, CA"ST) 




70 


pF 


CDQ 


I/O Capacitance (DQ0-35) 




35 


pF 
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OUTLINE DRAWINGS 
THM362060AS/ASG 



Unit : mm 



FRONT SIDE 



2-03.18 ±0.05 



8.89MAX. 




BACK SIDE 



mm 



c e 



o k fo b io k fb~ 



o I fo t| fo~ 



o 



DETAIL OF CONTACTS •THM362060AyASG 

1.04 ±0.05 



N 



Contacts : Tin-Lead / Gold 



Weight : 24.5g (Typ.) 
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4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM364020 is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 8 
TC5117400J devices and 4 TC514100AJ devices on the printed circuit board. The THM364020S can be used 
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and 
DQ20, , DQ17 and DQ35, respectively. THM364020 is optimized for applications which require high density 
and large capacity such as main memory, image memory systems, and others which require compact size. 



FEATURES 

• 4, 1 94,304 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V+ 10% 

• Low power 

8,360mW MAX. Operating (THMxxxxxx-60) 
7,040mW MAX. Operating (THMxxxxxx-70) 
66mWMAX. Standby 

• (JAS before KA"S refresh, KA"5" only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/1 6ms (Burst Refresh) 

• 2,048 Refresh cycles/32ms (Distributed Refresh) 

• Package 

Tin-Lead Contact: THM364020S-60.70 
Gold Contact: THM364020SG-60,70 



KEY PARAMETERS 





-60 


-70 


tRAc RAS Access Time 


60ns 


70ns 


*aa Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 



PIN NAMES 



A0-A10 


Address Inputs 


DQ0-DQ35 


Data Input/Outputs 


C£50~C7\S1 


Column Address Strobe 


K£50~,KA152 


Row Address Strobe 


W 


Read/Write Input 


V C c 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


V ss 


V ss 


PD1 


NC 


NC 


PD2 


NC 


V S s 


PD3 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 
I 


v ss 


1 1 
Jo 


A 1 
Al 


ZJ 




1*7 


L)\ll I 






01 




2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


V SS 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CAT50 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


C7\52 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


V C c 


42 


CX53" 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


A10 


31 


A8 


43 


CAST 


55 


DQ12 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


RSSD 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 


NC 


45 


NC 


57 


DQ13 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


RA52 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 

CS5 oo — 
Woo — 



CAS" \°- 



X — c <3E 



CAS 



C55 20- 
Ra5 20- 



?55 30- 



RAS~ 



CAT 
ra5 
Ue 



ca5 



W 



w 



£55 

^ W 



CS5 

UE w 



w 




MO 



1/0 1 
1/02 
1/0 3 
AO -10 1/0 4 



Ml 



1/01 
I/O 2 
1/0 3 
AO -10 1/0 4 



M2 



Din 
A0-10 Do »t 



M3 



1/01 
1/0 2 
1/0 3 
AO -10 1/04 



M4 



I/O 1 
1/0 2 
1/0 3 
A0-10 VP* 



Din 



M5 



AO -10 PQ"t 



M6 



I/O 1 
1/0 2 
1/0 3 
AO -10 1/0 4 



M7 



I/O 1 
1/0 2 
1/0 3 
AO -10 1/0 4 



Din 



M8 



AO -10 Po^ 



M9 



I/O 1 
1/0 2 
1/0 3 
AO -10 1/0 4 



I/O 1 

.... 1/0 2 

M10 1/03 
AO -10 1/0 4 



DQO 
DO 1 
DQ2 
DQ3 



DQ4 
DO 5 
DQ6 
DQ7 



-o DQ8 



DO 9 
DQ 10 
DQ 11 
DQ 12 



-o DQ13 
-o DO 14 
-° DQ 15 
-° DQ16 



-o DQ17 



DQ18 
DQ19 
DQ 20 
DQ21 



DO 22 
DQ 23 
DQ 24 
DQ25 



-o DQ26 



DO 27 
DQ 28 
DO 29 
DQ 30 



DQ31 
DQ32 
DQ33 
DQ 34 



DQ 35 
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ABSOLUTE MAXIMUM RATINGS 







RATTNO 


UNIT 


NOTE 


Input Voltage 


Vin 


— 1.0-7.0 


V 


1 


Output Voltage 


VoUT 


— 1.0-7.0 


V 




Power Supply Voltage 


V CC 


— l.U-7.0 


V 




Operating Temperature 


Topr 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


P D 


8.4 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0* 




0.8 


V 


2 



*-2.0V at pulse width < 20 ns 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(K£5, CSS", Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1520 


mA 


3,4 


THMxxxxxx-70 




1280 


I 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=C7\5=Vj H ) 




24 


mA 






KA5 ONLY REFRESH CURRENT Average 
Power Supply Current, jj^g Only Mode 
(KA5 Cycling, CA5=V ffl : t RC =t RC MIN.) 


THMxxxxxx-60 




1520 


mA 


3 


THMxxxxxx-70 




1280 


i 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KKS =V IL ,"CM,Address Cyclingttpc^pc MIN.) 


THMxxxxxx-60 




800 


mA 


3,4 


THMxxxxxx-70 


- 


720 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CS5=V CC -0.2V) 




12 


mA 




I 

CC6 


CA"5 BEFORE"KA5 REFRESH CURRENT 


THMxxxxxx-60 




1520 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (KKS, CAS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




1280 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V m <6.5V, All Other Pins Not Under Test=0V) 


-120 


120 


uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V oux <5.5V) 


-10 


10 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (I ut= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V + 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MLN 


MAX 


UNIT 


CI1 


Input Capacitance (AO- A 10) 




88 


pF 


CI2 


Input Capacitance (W) 




84 


pF 


CI3 


Input Capacitance (RAS0, KAT52) 




42 


pF 


CI4 


Input Capacitance (CAS0 -CAS 3) 




36 


pF 


CDQ1 


I/O Capacitance (DQO-7, 9-16, 18-25, 27-34) 




17 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 




22 


pF 
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OUTLINE DRAWINGS 

FRONT SIDE 



2-03. 18 ±0.05 



8.89MAX. 




BACK SIDE 



• THM364020S 

0.9 ± 0.08 



Contacts : Tin - Lead 



• THM364020SQ 

1.04 ±0.05 



Contacts : Gold 



C-84 
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4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM3640A0 is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 9 
TC51 16400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 

FEATURES KEY PARAMETERS 



• 4, 194,304 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

4,455mW MAX. Operating (THMxxxxxx-60) 
3,960mW MAX. Operating (THMxxxxxx-70) 
49.5mW MAX. Standby 

• UAS before KKS refresh, KKS only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 4,096 Refresh cycles/64ms 

• Package 

72pin SIMM Tin-Lead Contact: THM3640A0S-60.70 
72pin SIMM Gold Contact: THM3640A0SG-60J0 





-60 


-70 


tRAc RAS Access Time 


60ns 


70ns 


t AA Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


t rc Fast Page Mode 
Cycle Time 


40ns 


45ns 



PIN NAMES 



A0-A9 
A10R.A11R 


Address Inputs 


DQ0-DQ35 


Data Input/Outputs 


C7\5 


Column Address Strobe 


KA3 


Row Address Strobe 


W 


Read/Write Input 


DE 


Output Enable 


V cc 


Power (+5V) 


V SS 


Ground 


NC 


No Connection 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


V ss 


V ss 


PD1 


NC 


NC 


PD2 


NC 


V SS 


PD3 


NC 


NC 


PD4 


v ss 


v ss 



' Through the resistor (2.6Kfl) to GND. 
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PIN CONNECTION (TOP VIEW) 



iiiimiiiiiiiiiiiiiiniiiiimimi 



1 



36 37 



72 



1 


V SS 


13 


Al 


25 


DQ13 


37 


DQ19 


49 


DQ22 


61 


DQ33 


2 


DQO 


14 


A2 


26 


DQ14 


38 


DQ20 


50 


DQ23 


62 


DQ34 


3 


DQ1 


15 


A3 


27 


DQ15 


39 


V SS 


51 


DQ24 


63 


DQ35 


4 


DQ2 


16 


A4 


28 


A7 


40 


CAS0 


52 


DQ25 


64 


NC 


5 


DQ3 


17 


A5 


29 


DQ16 


41 


A10R 


53 


DQ26 


65 


NC 


6 


DQ4 


18 


A6 


30 


V CC 


42 


A11R 


54 


DQ27 


66 


NC 


7 


DQ5 


19 


DE 


31 


A8 


43 


NC 


55 


DQ28 


67 


PDO 


8 


DQ6 


20 


DQ8 


32 


A9 


44 


R£5 


56 


DQ29 


68 


PD1 


9 


DQ7 


21 


DQ9 


33 


NC 


45 


NC 


57 


DQ30 


69 


PD2 


10 


V CC 


22 


DQ10 


34 


NC 


46 


DQ21 


58 


DQ31 


70 


PD3 


11 


PD4 


23 


DQ11 


35 


DQ17 


47 


W 


59 


V C c 


71 


NC 


12 


AO 


24 


DQ12 


36 


DQ18 


48 


V SS 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 




M1 



w 



A0~9, 
A10R, 
A11R 



I/O 1 
1/0 2 
1/0 3 
1/04 



-o DQO 
-o DQ1 
-o DQ2 
-° DQ3 



W 



I/O 1 

Ml AO-9. 1/0 2 
M * A10R. 1/0 3 
A11R 1/04 



-o DQ4 
-o DQ5 
"° DQ6 
-° DQ7 



W 



I/O 1 

M3 A0~9, 1/0 2 
Mi A10R. 1/0 3 
A11R 1/04 



-o DQ8 
■o DQ9 
-o DQ10 
-° DQ11 



-< G\5 
-< ra5 
-< 07 



-c CAS 
■< RAS" 

■< m 



CA5 

or 



CA5 
raT 
07 



w 



I/O 1 

MA AO-9. I/O 2 
M4 A10R. 1/03 
A11R 1/04 



I/O 1 

|wiq AO-9. 1/0 2 
_ M > A10R, 1/0 3 
W A11R 1/04 

u 



ca5 
raT 
W 

1 V 



I/O 1 

yc A0~9, 1/0 2 
M ° A10R. 1/0 3 
A11R 1/04 



W 



I/O 1 

iu|7 A0~9. 1/0 2 

•VI / A 1 AD |/0 3 

1/0 4 



A10R, 
A11R 



W 



I/O 1 

MR A0~9, 1/0 2 
MH A10R. 1/0 3 
A11R 1/04 



-o DQ12 

-o DQ13 

-° DQ14 

"° DQ15 



-o DQ16 
-o DQ17 
-<> DQ18 
-° DQ19 



-o DQ20 

-o DQ21 

-o DQ22 

-° DQ23 



DQ24 
DQ25 
DQ26 
DQ27 



-o DQ28 

-o DQ29 

-o DQ30 

-° DQ31 



CA5 
<1RA5 

or 



w 



I/O 1 

MQ A0~9, 1/0 2 
MS A10R, 1/0 3 
A11R 1/04 



W o 

A0~A9. 
A10R, C 
A11R 



-o DQ32 
-o DQ33 
-o DQ34 
"° DQ35 



V CC o- 
V$s o- 



M1-9 
M1~9 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 




— 1.0-7.0 


V 


1 


Output Voltage 


V OUT 


— 1.0-7.0 


V 


1 


Power Supply Voltage 


V C c 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


P D 


6.3 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vih 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0* 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(ESS, CAS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




810 


mA 


3, 4,5 


THMxxxxxx-70 




720 


l CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KA5=C7\5=V IH ) 




18 


mA 




k;c3 


KS5 ONLY REFRESH CURRENT Average 
Power Supply Current, 555 Only Mode 
(KKS Cycling, CS5=V IH : t RC =t RC MIN.) 


THMxxxxxx-60 




810 


mA 


3,5 


THMxxxxxx-70 




720 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KX5 =V IL ,'CSS",Address Cyclingitp^tpc MIN.) 


THMxxxxxx-60 




630 


mA 


3,4,5 


THMxxxxxx-70 


- 


540 


^05 


STANDBY CURRENT 
Power Supply Standby Current 
(RS5=CSS'=V CC -0.2V) 




9 


mA 




l CC6 


CSS" BEFORE"KX5 REFRESH CURRENT 


THMxxxxxx-60 


- 


810 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (K£5, CX5, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




720 


\(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V!N<6.5V, All Other Pins Not Under Test=0V) 


-90 


90 


UA 




! 0(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V 0UX <5.5V) 


-10 


10 


UA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I uT=4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A. C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta= 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9, A10R, A11R) 




65 


pF 


CI2 


Input Capacitance (W, DE) 




60 


pF 


CI3 


Input Capacitance (RAS) 




55 


pF 


CI4 


Input Capacitance (CAS) 




55 


pF 


CDQ 


I/O Capacitance (DQ0-35) 




15 


pF 
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OUTLINE DRAWINGS 
THM3640A0S/SG 



Unit : mm 



FRONT SIDE 



2-03.18 ±0.05 



8.89MAX. 




BACK SIDE 





llllllllllllll 


llllllllllllll 


IIIIII^IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIII 


J 















o 


o 


o 


o 


o 



DETAIL OF CONTACTS • THM3640A0S/SG 



1.04 ±0.05 



Contacts : Tin-Lead, Gold 



Weight : 17.0g (Typ.) 
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8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 



DESCRIPTION 

The THM368020 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 16 
TC5117400J devices and 8 TC514100ASJ devices on the printed circuit board. The THM368020 can be used 
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and 
DQ20, , DQ17 and DQ35, respectively. THM368020 is optimized for applications which require high density 
and large capacity such as main memory, image memory systems, and others which require compact size. 



FEATURES 

• 8,388,608 word by 36 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% 

• Low power 

8,492mW MAX. Operating (THMxxxxxx-60) 
7,172mW MAX. Operating (THMxxxxxx-70) 
132mW MAX. Standby 

• CA~5 before KA~S refresh, KA~S only refresh, 

Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 2,048 Refresh cycles/16ms (Burst Refresh) 

• 2,048 Refresh cycles/32ms (Distributed Refresh) 

• Package 

Tin-Lead Contact: THM368020S-60,70 
Gold Contact: THM368020SG-60.70 



KEY PARAMETERS 





-60 


-70 


t RAC RAS Access Time 


60ns 


70ns 


1 aa Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 



PIN NAMES 



A0-A10 


Address Inputs 


DQ0-DQ35 


Data Input/Outputs 


CSSD-CS53" 


Column Address Strobe 


KA"50~KA~53" 


Row Address Strobe 


W 


Read/Write Input 


V C c 


Power (+5V) 


V SS 


Ground 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


NC 


NC 


PD1 


V SS 


v ss 


PD2 


NC 


v ss 


PD3 


NC 


NC 
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PIN CONNECTION (TOP VIEW) 




1 36 37 72 



1 


V SS 


13 


Al 


25 


DQ24 


37 


DQ17 


49 


DQ9 


61 


DQ14 


2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


v ss 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CA"50 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


UKS2 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


Vcc 


42 




54 


DQ29 


66 


NC 


7 


DQ20 


19 


A10 


31 


A8 


43 


CAST 


55 


DQ12 


67 


PD0 


8 


DQ3 


20 


DQ4 


32 


A9 


44 


KX5U 


56 


DQ30 


68 


PD1 


9 


DQ21 


21 


DQ22 


33 


KA53 


45 


KA51 


57 


DQ13 


69 


PD2 


10 


V CC 


22 


DQ5 


34 


KAT52 


46 


NC 


58 


DQ31 


70 


PD3 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


V ss 
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BLOCK DIAGRAM 



OS 0°- 
ICSoo- 



cat lo- 



ess 20- 

1555 20- 



CA5 30- 



AO-AIOO- 
Vcc o- 
Vss o- 



<=OS 

<*AT 



I/O 1 

MO 1/03 
AO -10 1/04 



PQ_0-3 



OS 
KAT 



os 

105 



Ml 



l/OI 
1/0 2 

_ m 1/03 
^ W AO -10 1/04 



DQ4-7 



I/O 1 
"02 

1/03 M12 
"04 A8|1Q W g* 



ess 

KAT 



CAT 
BAT 



Din 

M2 

W AO-10 Pout 



DQ8 

cm 



I/O 1 

1/02 Ml? 

1/03 M13 _ , 

"04 AQj-10 W OT h-j. 



Din 

M14 

Pout AO-10 W 



1355 
KAT 



cOS 

c*AT 

r -( 5[ w_ 



1/01 

u , I/O 2 

M3 I/O 3 

AO-10 1/0 4 



DQg-12 



I/O 1 
1/02 

I/O 3 M15 _ _ 

I/O 4 AO-10 W Oc 



OS 
RAT 



OS 
rAT 
©1 W 

r 



I/O 1 

... I/O 2 

M4 I/O 3 

AO-10 1/0 4 



DQ 13-16 



I/O 1 
1/0 2 

1/0 3 M16 __ 
I/O 4 AO-10 W OE 



OS> 
EA$ > 



CAS 
RAS" 



Din 



W 



AQ-,10 Dout 



DQ 17 

cm 



Din 



M17 ^a5 > 

Dout AO-10 W I 



Ca5 
ra5 

x-Hqt w 



I/O 1 
1/0 2 

M6 I/O 3 

AO-10 1/0 4 



DQ 1.8-21 



CaT 
rAT 

OE W 

— r 



1/01 

I/O 2 

M7 1/0 3 

AO-10 1/04 



DQ 22-25 



1/01 OS 

1/0 2 sat 

1/0 3 M18 _ ^ s 

1/0 4 AO-10 W OE 



OS 
EAT 



CA5 
KaT 



Din 

M8 

W AO-10 Pout 



DQ 26 

cm 



1/01 

'/0 2 

1/0 3 M19 _ 
1 /0 4 AO-10 W OE 

1 If ~ 



Din 

M20 

Dout AO -10 W 



OS 
KAT|> 



1/01 
1/0 2 

_ _ M9 1/0 3 

OS W AO-10 1/04 



OS 
TOS 



DQ y-30 



1/01 OS 
I/O 3 M21 _ «A5 
1/04 AO-10 W 0"E 



OS 
RAT 

or 



T 



1/01 

U1 „ 1/02 
M10 |/o 3 

AO-10 1/04 



DQ 31-34 



OS> 
ItAT 



OS 
SAT 



Din 

Mil 

W A O -1& Po»t 



DQ35 

cm 



1/01 
1/02 

1/03 M22 
1/04 AO -10 W 



Din 

M23 

Dout AO-10 W 



OS 
RAT 



CO -23 



MO -23 
MO -23 



-ofOS 1 



-oRAT 3 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 


Input Voltage 


Vjn 


— 1.0-7.0 


V 


! 


Output Voltage 


V()UT 


— 1.0-7.0 


V 


! 


Power Supply Voltage 


Vcc 


— 1.0-7.0 


V 


1 


Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


— 55-125 


°c 




Soldering Temperature • Time 


^SOLDER 


260* 10 


°C»sec 




Power Dissipation 


Pd 


14.4 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0* 




0.8 


V 


2 



*-2.0V at pulse width £ 20 ns 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


I 

CCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(KSS\ CSS, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




1544 


mA 


3,4 


THMxxxxxx-70 




1304 


i 

CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS"=CSS"=V IH ) 




48 


mA 




1CC3 


KS5 ONLY REFRESH CURRENT Average 
Power Supply Current, jj^j Only Mode 
(KS5 Cycling, CS5=V IH : t RC =t R c MIN.) 


THMxxxxxx-60 




1544 


mA 


3 


THMxxxxxx-70 




1304 


I 

CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(R"SS" ^jL.TMAddress Cyclingttpc^pc MIN.) 


THMxxxxxx-60 




824 


mA 


3,4 


THMxxxxxx-70 


- 


744 


I 

CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(KSS"=CS5=V CC -0.2V) 




24 


mA 




I 

CC6 


CSS" BEFORE~R~S5> REFRESH CURRENT 


THMxxxxxx-60 


- 


1544 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (KS5, CSS", Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 




1304 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<V IN <6.5V, All Other Pins Not Under Test=0V) 


-Z4U 




uA 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, OV <V OUT <5.5V) 


-20 


20 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0~A10) 




88 


pF 


CI2 


Input Capacitance (W) 




84 


pF 


CI3 


Input Capacitance (RAS0-RAS3) 




42 


pF 


CI4 


Input Capacitance (CAS0 -CAS3) 




36 


pF 


CDQ1 


I/O Capacitance (DQ0-7, 9-16, 18-25, 27-34) 




17 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 




22 


pF 
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OUTLINE DRAWINGS 



FRONT SIDE 



2-03.18 1 0.05 



2.03 i 0.13 
6.35 1 0.13 



3.38 ±0. 13 



107.95 1 0.13 



CD □ CD □ 



-fit 



□ 



lllllllllllllllllllllHIIIIHIIIIHIl^JilllliJIIIIIIIIIIIIIIlllllllllini 



1.27 



, R1.57t0.10 
,6.35 1 0.08 



95.25 ±0.08 
101.19 ± 0.13 



Unit in mm 



8.89MAX. 





• THM368020S 

0.9 ±0.08 



Contacts : Tin - Lead 



• THM368020SG 

1.04 ±0.05 



Contacts : Gold 
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8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM3680A0 is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 18 
TC51 16400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 



FEATURES 



KEY PARAMETERS 



8,388,608 word by 36 bit organization 
Fast access time and cycle time 
Single power supply of 5V+ 10% 
Low power 

4,555mW MAX. Operating (THMxxxxxx-60) 

4,059mW MAX. Operating (THMxxxxxx-70) 

99mW MAX. Standby 
UAS before R7CS refresh, KA"5 only refresh, 

Hidden refresh, and Fast Page Mode capability. 
All inputs and outputs TTL compatible 
4,096 Refresh cycles/64ms 
Package 

72pin SIMM Tin-Lead Contact: THM3680A0S-60.70 
72pin SIMM Gold Contact: THM3680A0SG-60/70 





-60 


-70 


Irac RAS Access Time 


60ns 


70ns 


*aa Column Address 
Access Time 


30ns 


35ns 


tc AC CAS Access Time 


15ns 


20ns 


t RC Cycle Time 


110ns 


130ns 


tpc Fast Page Mode 
Cycle Time 


40ns 


45ns 



PIN NAMES 



A0-A9 
A10R.A11R 


Address Inputs 


DQO-DQ35 


Data Input/Outputs 


CAS0, CAST 


Column Address Strobe 


RAS0, EAST 


Row Address Strobe 


W 


Read/Write Input 


DE 


Output Enable 


V CC 


Power (+5V) 


V SS 


Ground 


NC 


No Connection 


PD 


Presence Detect Pin 





-60 


-70 


PD0 


NC 


NC 


PD1 


V ss 


V SS 


PD2 


NC 


V S s 


PD3 


NC 


NC 


PD4 


v ss 


v ss 



» Through the resistor (2.6KQ) to GND. 
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PIN CONNECTION (TOP VIEW) 



o 

1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiii 

1 36 37 72 



1 


V SS 


13 


Al 


25 


DQ13 


37 


DQ19 


49 


DQ22 


61 


DQ33 


2 


DQO 


14 


A2 


26 


DQ14 


38 


DQ20 


50 


DQ23 


62 


DQ34 


3 


DQ1 


15 


A3 


27 


DQ15 


39 


V SS 


51 


DQ24 


63 


DQ35 


4 


DQ2 


16 


A4 


28 


A7 


40 


CA"50 


52 


DQ25 


64 


NC 


5 


DQ3 


17 


A5 


29 


DQ16 


41 


A10R 


53 


DQ26 


65 


NC 


6 


DQ4 


18 


A6 


30 


V CC 


42 


A11R 


54 


DQ27 


66 


NC 


7 


DQ5 


19 


DE 


31 


A8 


43 


CftST 


55 


DQ28 


67 


PD0 


8 


DQ6 


20 


DQ8 


32 


A9 


44 


KAT50 


56 


DQ29 


68 


PD1 


9 


DQ7 


21 


DQ9 


33 


NC 


45 


EAST 


57 


DQ30 


69 


PD2 


10 


V CC 


22 


DQ10 


34 


NC 


46 


DQ21 


58 


DQ31 


70 


PD3 


11 


PD4 


23 


DQ11 


35 


DQ17 


47 


W 


59 


Vcc 


71 


NC 


12 


AO 


24 


DQ12 


36 


DQ18 


48 


V SS 


60 


DQ32 


72 


V SS 
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BLOCK DIAGRAM 



CATO 
RAT o 
01 



W 



A0~A9. 
A10R, 
A11R 



CAT 
RAT 

01 



01 



CAT 
RAT 

01 



w 



I/O 1 

luii A0~9, 1/0 2 
M1 A10R. 1/0 3 
A11R 1/0 4 



CAT 1/0 1 

SAT M? A0~9, "2 2 

f£ 5 _ M * A10R. 1/0 3 

01 W A11R 1/04 



DQ4-7 



CAT 1/01 

RAT M3 A0~9. 1/02 

RAS Mi A10R ; „ 03 

01 W A11R 1/04 

V 



CAT 1/01 

RAT Mil A0~9, 1/02 

M4 A10R, 1/0 3 

01 W A11R 1/04 



15 



CAT "/01 

STT mc AO-9, 1/0 2 

^ M!> A10R, 1/0 3 

W A11R I/O 4 



CAT 1/0 1 

EAT Mfi A0~9. "02 

&A5 _ Mb A10Rf , /0 3 

OT w A11R 1/0 4 



DQ 2g~23 



CAT V0\ 

RAT M7 A0~9. 1/0 2 

_ M/ A10R ' u03 

01 W A11R 1/0 4 



DQ 24-27 



I/O 1 

MR A 0~9. 1/02 
_ Ma A10R. 1/0 3 
W A11R 1/04 



DQ2|~31 



CAT 1/01 

5a? MQ AO-9, '/0 2 

*as _ Ma A10R ; , /03 

01 W A11R 1/0 4 



DQ 3j-35 



I/O 1 

1/0 2 A0~9. M1fl 

I/O 3 A10R. M1U m 

1/0 4 A11R W 



I/O 1 

I/O 2 AO-9, M 1 1 

I/O 3 A10R, IVI 1 ' 

1/04 A11R W 



I/O 1 

I/O 2 A0~9. M1? 

I/O 3 A10R. IV,IZ _ 

1/04 A11R W 



I/O 1 

1/0 2 A0~9. iv/|1? 

1/0 3 A10R, IV "„ 

1/0 4 A11R W 



I/O 1 

1/0 2 A0~9, M14 

I/O 3 A10R, IVII4 _ 

1/04 A11R W 



1/01 

I/O 2 A0~9, M1S 

1/03 A10R. IV "° 

1/04 A11R W 



1/01 

1/0 2 A0~9, M17 

1/0 3 A10R, ,VM/ 

1/04 All R W 



CAT 
RAT 
OT 



CAT 
RAT 
OlK 



CATt> 
RAT 
01 



CAT 
RAT 
01 



CAT 
RAT 
01l>- 



CAT 



I/O 1 

1/0 2 A0~9. MIR 

1/0 3 A10R, IVI|:> _ _ 

1/04 A11R W OE 



RAT* 



CAT > 
RATp 
01 



CAT 
RAT 
01 



1/01 CATf> 

1/02 A0~9. MIR Ra?> 

1/0 3 A10R, IVM0 RAS> 

1/04 A1 1R W Olp - 



-oCATl 
-o RAT 1 



V CC °- 
V$$ o- 



M1-18 
M1-18 
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ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTIC 


SYMBOL 


RATING 


UNIT 


NOTE 




V IN 


1.0~7.0 


y 






v OUT 


i n~7 n 


y 




Power Supply Voltage 


T CC 


— 1.0-7.0 


v 


■ 


Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


— 55-125 


°C 




Soldering Temperature • Time 


^SOLDER 


260 • 10 


°C»sec 




Power Dissipation 


P D 


12.6 


W 




Short Circuit Output Current 


Iqut 


50 


mA 





RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


V CC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


Vffl 


Input High Voltage 


2.4 




6.5 


V 


2 


Vil 


Input Low Voltage 


-1.0* 




0.8 


V 


2 
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D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNIT 


NOTE 


'cCl 


OPERATING CURRENT 

Average Power Supply Operating Current 

(HAS, CA5~, Address Cycling: t RC =t RC MIN.) 


THMxxxxxx-60 




828 


mA 


3,4 
5 


THMxxxxxx-70 




738 


J CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(KX5=CA5=Vi H ) 




36 


mA 




!CC3 


KS5" ONLY REFRESH CURRENT Average 
Power Supply Current, Only Mode 
(KA5 Cycling, rK5=V m : t RC =t RC MIN.) 


THMxxxxxx-60 




828 


mA 


3,5 


THMxxxxxx-70 




738 


X CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(KKS =V!L,"CA5,Address Cyclingrtpc^pc MIN.) 


THMxxxxxx-60 




648 


mA 


3,4 
5 


THMxxxxxx-70 


- 


558 


! CC5 


STANDBY CURRENT 
Power Supply Standby Current 
(RAT?=CS5=V CC -0.2V) 




18 


mA 




l CC6 


CAS BEFORET5X5 REFRESH CURRENT 


THMxxxxxx-60 




828 


mA 


3,5 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS, Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


738 


I 

I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V^.SV, All Other Pins Not Under Test=0V) 


-low 


loU 


11 A 




O(L) 


OUTPUT LEAKAGE CURRENT 
(D OUT is disabled, 0V <V OUT <5.5V) 


-20 


20 


uA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 


2.4 




V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 




0.4 


V 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 



Please refer to the DRAM Module A.C. Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 



CAPACITANCE (V cc = 5V ± 10%, f= 1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CI1 


Input Capacitance (A0-A9, A10R, A11R) 




161 


pF 


CI2 


Input Capacitance (W, DE) 




168 


pF 


CI3 


Input Capacitance (R"A"50 , RSST) 




42 


pF 


CI4 


Input Capacitance (CA"50 , CX5T) 




42 


pF 


CDQ 


I/O Capacitance (DQ0-35) 




29 


pF 
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OUTLINE DRAWINGS 

THM3680A0S/SG 



Unit : mm 



FRONT SIDE 



2.03*0.13 . 



6.3510.13, 



3.38 ±0.13. 



1.27 R1.57±0.10 



V 



6.3510.08 



95.2510.08 



101.1910.13 



BACK SIDE 



2-03.1810.05 



□ □□ DO DO O 



I , p ■ 8.89H 

I 



ID 











ii illinium 






J 














o 








o 


L 


o 


o 




o 


o 


o 


o 







,1.27-1 



DETAIL OF CONTACTS • THM3680A0S/SG 

1.0410.05 



Contacts : Tin-Lead, Gold 



Weight : 31.5g(Typ.) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V + 10%, Ta = 0-70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


150 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 


- 


45 


- 


50 


- 


ns 




*RAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


9,13 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


20 


ns 


9,13 


l AA 


Access Time from Column Address 




30 




35 




40 


ns 


9,14 


kPA 


Access Time from CAS Precharge 


_ 


40 


_ 


40 


_ 


45 




9 


*clz 


CSS" to Output in Low-Z 





_ 





_ 





_ 


ns 


9 


k)FF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 




RAS Presharge Time 


40 


_ 


50 


_ 


60 


_ 


ns 




l RAS 


RAS" Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tRASP 


R"SS Pulse Width (Fast Page Mode) 


60 


100,000 


70 


100,000 


80 


100,000 


ns 




Irsh 


KA"S Hold Time 


20 




20 




20 




ns 




tRHCP 


R"SS Hold Time FronfCSS 
Precharge (Fast Page Mode) 


40 




40 




45 




ns 




tcSH 


CSS Hold Time 


60 




70 




80 




ns 




tcAS 


CSS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




*RCD 


HAS to CSS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


13 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


14 


k:RP 


CSS to ESS Precharge Time 


5 




5 




5 




ns 




tcp 


CSS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 






n 

u 








ns 




*RAH 


Row Address Hold Time 


in 




10 




10 




ns 




*ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




l AR 


Column Address Hold Time 
referenced to RAS 


50 




55 




60 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




tRCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




15 




ns 




*WCR 


Write Command Hold Time refer- 
enced to RAS 


45 




55 




60 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*WP 


write command rulse width 


10 




15 




15 




ns 




l RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


20 


— 


20 


— 


20 


— 


ns 




*DS 


Data Set-Up Time 





- 





- 





- 


ns 


12 


*DH 


Data Hold Time 


15 


- 


15 


- 


15 




ns 


12 


*DHR 


Data Hold Time referenced to RAS 


50 




55 




60 


- 


ns 




l REF 


Refresh Period 




16 




16 




16 


ms 




l WCS 


Write Command Set-Up Time 

















ns 


i ^ 


k:SR 


CA"5 Set-Up Time 
(,CAo oeiore kao \jycvc) 


5 


- 


5 


- 


5 


- 


ns 




tcHR 


CAT? Hold Time 


15 




15 




15 




ns 




l RPC 


TCKS to CM Precharge Time 


5 




5 




5 




ns 




tCFT 


CA"S Precharge Time 

(CA15 before R"A"5 Counter Test 

Cycle) 


30 




40 




40 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CA"5 before HAS" Cycle) 


10 




10 




10 




ns 




l WRH 


Write toTCC? Hold Time 
(CAS before RATCycle 


10 




10 




10 




ns 
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DRAM Module AC. Conditions No.4 
!Mx4/lMxl-Based Modules 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci- I CC3» !cc4. Jcce depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAJ^V^. In case of I^, it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tp=5ns. 

8. Vjh (min.) and (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V m and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or tjy^ must be satisfied for a read cycle. 

12. t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t W cs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the (max.) limit insures that tj^c (max.) can be met. t^j^ (max.) is specified as 
a reference point only: If t^p is greater than the specified t^D (max.) limit, then access time is 
controlled by t^. 
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VALID DATA IN 



DRAM Module A.C. Conditions No.4 
!Mx4/lMxl-Based Modules 



RSS ONLY REFRESH CYCLE 



tRP 




€55 BEFORE K55 REFRESH CYCLE 



tRC 




Note: A0~A9»'H" or "L" 



"H" or "I" 



DRAM Module AC. Conditions No.4 
!Mx4/lMxl-Based Modules 



HIDDEN REFRESH CYCLE (READ) 



JOS 



us 



V| H - 

Vn _ 



*CAP - 

v,h- -jr- 

V.L- / 



A0~A9 Vu. _ 



V| H - 

WRITE V| U _ 



DOUT 



V H- 
V 0L _ 




HIDDEN REFRESH CYCLE (WRITE) 
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DRAM Module A.C. Conditions No.4 
!Mx4/lMxl-Based Modules 




n.ft 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



DRAM Module AC. Conditions No.8 
lMx4Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 




130 




150 




ns 




l PC 


Fast Page Mode Cycle Time 


45 


■ 


45 




50 




ns 




tRAC 


Access Time from RAS 




60 




70 


■ 


80 


ns 


9,13 


*CAC 


Access Time from CAS 




20 




20 




20 


ns 


9,13 


l AA 


Access Time from Column Address 


- 


30 


- 


35 


- 


40 


ns 


9,14 


tcPA 


Access Time from CAS Precharge 


- 


40 


- 


40 


- 


45 




9 


k:LZ 


CA"S" to Output in Low-Z 





- 





- 





- 


ns 


9 


toFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


40 


- 


50 


- 


60 


- 


ns 




l RAS 


R"A"5" Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




l RASP 


KAU Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




*RSH 


RSS Hold Time 


20 


- 


20 


- 


20 


- 


ns 




^RHCP 


R"A"S" Hold Time FromTAS 
Precharge (Fast Page Mode) 


40 


- 


40 


- 


45 


- 


ns 




tcSH 


CAS Hold Time 


60 




70 




80 




ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




l RCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


13 


*RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


14 


*CRP 


CAS to RAS Precharge Time 


5 




5 




5 




ns 




*cp 


CA"S" Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




l ASR 


Row Address Set-Up Time 

















ns 




'•RAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ASC 


Column Address Set-Up Time 

















ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


*WCH 


Write Command Hold Time 


10 




15 




15 




ns 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 




1 s 




i « 




ns 




*RWL 


Writp Command tn R A.S T .pari Time 

"ill V — -y^Jll llltCll 1\*X 1U AX^VtJ LA/OX* AllllVs 


20 


- 


20 


- 


20 


- 


ns 






Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




*ds 


Data Set-Up Time 

















ns 






Data Hold Time 


15 




15 




15 




ns 




'•REF 


Refresh Period 




16 




16 




16 


ms 




Wcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


tcSR 


CM Set-Up Time 
(CM before RM Cycle) 


5 




5 




5 




ns 




tCHR 


CM Hold Time 
(CM before KM Cycle) 


15 




15 




15 




ns 




t RPC 


KM to CM Precharge Time 


o 




o 




o 




ns 




tcPT 


CAS Precharge Time 

(CM before KM Counter Test 

Cycle) 


30 




40 




40 




ns 




Vrs 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




%RP 


WRITE to RAS Precharge Time 
(CM before KM Cycle) 


10 




10 




10 




ns 




*WRH 


Write to"KM Hold Time 
(CM before KMCycle 


10 




10 




10 




ns 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (V cc = 5V ± 10%,Ta = 
0~70°C) (Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


115 




135 




155 




ns 




l PC 


Fast Page Mode Cycle Time 


50 




50 




55 




ns 




l RAC 


Access Time from RAS 




65 




75 




85 


ns 


n 1 

y,i 3, 

14 


tcAC 


Access Time from CAS 


- 


25 


- 


25 


- 


25 


ns 


9,13 


*AA 


Access Time from Column Address 




jj 




4U 






ns 


9,14 


*cpa 


rVCLCaa 11II1C IIUIII \^r\0 x lCCIlolgC 




45 




45 




50 




Q 


l RAS 


RM Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




l RASP 


RM Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




tRSH 


KM Hold Time 


25 




25 




25 




ns 




tcSH 


CSS" Hold Time 


65 




75 




85 




ns 




*RHCP 


CSS Precharge to ESS Hold Time 


45 




45 




50 




ns 




tcAS 


CSS" Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




45 




ns 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3 - kci. fe' kc-t. Jcce depend on cycle rate. 

4- Icci' k:c4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V ffl (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. torn (max.) and top^ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^jj must be satisfied for a read cycle. 

12. t wcs , t RWD tcwj) t AWD and tc PWD are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs ^wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
icwD >x cwD (min.), t AWD >t AWD (min.) and tcpwp^PWDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the tj^p (max.) limit insures that tj^c (max.) can be met. t^u (max.) is specified as 
a reference point only: If tj^o is greater than the specified t RAD (max.) limit, then access time is 
controlled by t AA . 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 



K55 ONLY REFRESH CYCLE 

L tgc 



tRP 




Note: WRITE. "H* or "L* 

CSS BEFORE K55 REFRESH CYCLE 



ias 
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lMx4-Based Modules 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 
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DRAM Module AC. Conditions No.8 
lMx4-Based Modules 



CSS BEFORE ESS REFRESH COUNTER TEST CYCLE 




WRITE, CSS BEFORE ESS REFRESH CYCLE 




Not«: D| N , A0~A9»"H" or *V 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 



READ CYCLE IN THE TEST MODE 



us 



A0-A9 



WRIT? 



Dout 




Note: D, N - OPEN 



"H" or "L" 



WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

tRC 



ws 



us 



A0~A9 



WRITE 




Note: Dqut = OPEN 



"H" or *L" 
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lMx4-Based Modules 
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DRAM Module A.C. Conditions No.8 
lMx4-Based Modules 



TEST MODE 

The TC514400AJ is the RAM organized 1,048,576 words by 4 bits, it is internally organized 524,288 
words by 8 bits. In 'Test Mode", data are written into 8 sectors in parallel and retrieved the same way. Aqq is 
not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a"l". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC5 14400AJ. 
In "Test Mode", the 1MX4 DRAM can be tested as if it were a 512K X 4 DRAM. 

"WRITE, CM Before KM Refresh Cycle puts the device into "Test Mode". And "CM Before KM 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
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rOSHIBA 

DRAM Module AC. Conditions Noll 
lMx4Based Module, with Output Enable 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



O VTK XT) /"YT 

SYMBOL 


rAKAMb 1 bK 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


T TXTTT' 


rsuic. 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


110 




130 


- 


150 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


165 


- 


185 


- 


205 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


45 




45 


- 


50 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


100 


- 


100 


- 


105 


- 


ns 




tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


9,14, 
15 


tcAC 


Access Time from CAS 




20 




20 




20 


ns 


9,14 


*AA 


Access Time from Column Address 


- 


30 


- 


35 


- 


40 


ns 


9,15 


k:PA 


Access Time from CAS Precharge 


- 


40 


- 


40 


- 


45 




9 


tcLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


9 


toFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t x 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


40 


- 


50 


- 


60 


- 


ns 




l RAS 


KAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




l RASP 


RAS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


80 


200,000 


ns 




*RSH 


MS Hold Time 


20 


- 


20 


- 


20 


- 


ns 




*RHCP 


RAS" Hold Time FromCAS 
Precharge (Fast Page Mode) 


40 


- 


40 


- 


45 


- 


ns 




tcSH 


/I A £1 it„1 J f-rv _ 

CAS Hold lime 


60 




70 




80 




ns 




k:AS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




l RCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


lj 


k;RP 


CAS to RAS Precharge Time 


5 




5 




5 




ns 




tcp 


CAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




USR 


Row Address Set-Up Time 

















ns 




*RAH 


Row Address Hold Time 


10 




10 




10 




ns 




l ASC 


Column Address Set-Up Time 


















ns 




tCAH 


Column Address Hold Time 


15 




15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




*RCS 


Read Command Set-Up Time 

















ns 




*RCH 


Read Command Hold Time 

















ns 


11 


tRRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




15 




ns 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


_ 


15 


_ 


15 




ns 




*RWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




*CWL 


Write Command to CAS Lead Time 


20 




20 




20 




ns 




^DS 


Data Set-Up Time 





- 





- 





- 


ns 


12 


*DH 


Data Hold Time 


15 




15 




15 




ns 


12 


tREF 


Refresh Period 




16 




16 




16 


ms 




l WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


13 


tcWD 


CAS to WRITE Delay Time 


50 




50 




50 




ns 


13 


l RWD 


RAS to WRITE Delay Time 


90 




100 


_ 


110 




ns 


13 


l AWD 


Column Address to WRITE Delay 
Time 


60 


- 


65 


- 


70 


- 


ns 


1 1 


k:PWD 


CAS Precharge to WRITE Delay 
Time 


70 


- 


70 


- 


75 


- 


ns 


13 


k:sR 


CA"S Set-Up Time 
(CAS before RX5 Cycle) 


5 




5 




5 




ns 




tcHR 


CA"S Hold Time 
(CAS before RAS Cycle) 


15 


- 


15 


- 


15 


- 


ns 




l RPC 


RM to CAU Precharge Time 





- 





- 





- 


ns 






CAS Precharge Time 

(CAS before KA"S Counter Test 

Cycle) 


30 




40 




40 




ns 




l ROH 


RA"5 Hold Time referenced to OE 


10 




10 




10 




ns 




k)EA 


OE to Access Time 




20 




20 




20 


ns 




k)ED 


OE to Data Delay 


20 




20 


- 


20 


- 


ns 




toEZ 


Ouput buffer turn off Delay Time 
fromOE 





20 





20 





20 


ns 




klEH 


OE Command Hold Time 


20 




20 




20 




ns 




k)DS 


Output Disable Set-Up Time 

















ns 




%TS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




10 




ns 




l WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




10 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CX5 before RSS Cycle) 


10 




10 




10 




ns 




%RH 


Write to"R"A"5 Hold Time 
(CA"5 before KSS~Cycle 


10 




10 




10 




ns 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (V cc = 5V ± 10%,Ta = 
0~70°C) (Notes 6,7,8) 



SYMBOL 

' 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


RC 


Random Read or Write Cycle Time 


115 




135 




155 




ns 




^PC 


Fast Page Mode Cycle Time 


50 




50 




55 




ns 




l RAC 


Access Time from RAS 




65 




75 




85 


ns 


9,14, 
15 


k:AC 


Access Time from CAS 


- 


25 


- 


25 


- 


25 


ns 


9,14 


l AA 


Access Time from Column Address 




35 




40 




45 


ns 


9,15 


^CPA 


Access Time from CAS Precharge 




45 




45 




50 


ns 


9 


l RAS 


RM Pulse Width 


65 


10,000 


75 


10,000 


85 


10,000 


ns 




tRASP 


KAS Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


85 


200,000 


ns 




tRSH 


R"A"S Hold Time 


25 




25 




25 




ns 




k:SH 


CSS" Hold Time 


65 




75 




85 




ns 




tRHCP 


CAU Precharge to KAS Hold Time 


45 




45 




50 




ns 




krAS 


CAS" Pulse Width 


25 


10,000 


25 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




45 




ns 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icck kcv I CC4> !cc6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tj=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and Vjl- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t OFF (max.) and t 0EZ (max.) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage levels. 

1 1 . Either t RCH or tj^H must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRTTFJ leading edge 
in Read-Modify- Write cycles. 

1 3 . t W cs> tRWD' tcwD' 1 awd and kwD WQ not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If t wcs >t wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If t RWD >t RWD (min.), 
tcwD^WD (min.), Uwd^awd (min.) and tcpwp^pwDD (min.), (Fast Page Mode), the cycle is a Read- 
Modify- Write cycle and the data out will contain data read from the selected cell: If neither of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tc AC . 

15. Operation within the t^t, (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If t^D is greater than the specified t^j, (max.) limit, then access time is 
controlled by t^. 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 



FAST PAGE MODE READ-MODIFY- WRITE CYCLE 



< =1: 



03 



V,H — " 

VlL 



A0~A9 



V.H 



V|L — wit 



V|H — 

Vi — 



Din v wh — m 




*1 DquT 



*2 Dqut 



'3 Dqut 



"H' or "L" 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



KS3 ONLY REFRESH CYCLE 



ifiL 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 



V| H ■ 

V|L 



.tc«<» 



V.H 



A0-A9 



V IL '-J tRAH 



tRASP 



„ tfC 

tBCD „ /CP , , ***** t jkRP 



t«p 




WriTE 



V|H p 

Vil— i 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 



TEST MODE 

The TC5 14400AJ/ASJ/AFT/ATR is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the 
same way. Aqq is not used. If, upon reading, two bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin 
indicates a"l". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block diagram of TC514400AJ/ 
ASJ/AFT/ATR. In "Test Mode", the 1MX4 DRAM can be tested as if it were a 512K X 4 DRAM. 

"WRITE, CAS" Before KM Refresh Cycle puts the device into "Test Mode". And "CM Before RM 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 




DOUT 



Figure r 
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DRAM Module AC. Conditions No.12 
1Mx4/1Mx1 TSOP-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*RC 


Random Read or Write Cycle Time 


1 in 




1 

i j\j 




i sn 




ns 




'•PC 


Fast Page Mode Cycle Time 


45 




45 




sn 




ns 




*RAC 


Access Time from RAS 




60 




70 




80 


ns 


9,13 


*cac 


Access Time from CAS 




20 




20 




20 


ns 


9,13 


tA A 

l AA 


Access Time from Column Address 


- 


30 


- 


35 


- 


40 


ns 


9,14 


*CPA 


Access Time from CAS Precharge 


- 


40 


* 


40 


- 


45 




9 


k:LZ 


CM to Output in Low-Z 

















ns 


9 


'OFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


*RP 


RAS Presharge Time 


40 


• 


50 




60 


■ 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




*RASP 


ESS Pulse Width (Fast Page Mode) 


60 


100,000 


70 


100,000 


80 


100,000 


ns 




*RSH 


RAS Hold Time 


20 




20 




20 




ns 




*RHCP 


R"M Hold Time FrorrfCAS 
Precharge (Fast Page Mode) 


40 


- 


40 


- 


45 


- 


ns 




7 

*CSH 


CAS Hold Time 


fin 




7n 




sn 




ns 




*CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


20 


10,000 


ns 




*RCD 


ESS to CM Delay Time 


20 


40 


20 


50 


20 


60 


ns 


13 


'•RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


15 


40 


ns 


14 


•CRP 


CM to RAS Precharge Time 


5 




5 




5 




ns 




tcp 


CM Precharge Time 


10 




10 




10 




ns 




USR 


Row Address Set-Up Time 










- 





- 


ns 




*RAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


ns 




l ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




tcAH 


Column Address Hold Time 


15 




15 




15 




ns 




l AR 


Column Address Hold Time 
referenced to RAS 


50 




55 




60 








l RAL 


Column Address To RAS Lead Time 


30 




35 




40 




ns 




l RCS 


Read Command Set-Up Time 

















ns 




l RCH 


Read Command Hold Time 

















ns 


11 


l RRH 


Read Command Hold Time refer- 
enced to RAS 

















ns 


11 


WcH 


Write Command Hold Time 


10 




15 




15 




ns 




*WCR 


Write Command Hold Time refer- 
enced to RAS 


45 




55 




60 




ns 
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DRAM Module AC. Conditions No.12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



O I 1VID wJL/ 


PAR AMFTFR 


THMxxxxxx-60 


THMxxxxxx-70 


THMxxxxxx-80 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


l WP 


Write Command Pulse Width 


10 


- 


15 


- 


15 


- 


ns 




*RWL 


Write Command to RAS Lead Time 


20 




20 




20 




ns 




tcWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




l DS 


Data Set-Up Time 


A 
U 




A 
U 




A 
U 




ns 




t 

l DH 


Data HaIH Timp 


1 C 




1 C 
1 J 




1 C 

ID 




ns 




l DHR 


LJauX nuiu 1 1I11C IC1CICUCCU lU IVrYO 


50 




55 




60 




ns 




l REF 


Refresh Period 




16 




16 




16 


ms 




%CS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


tcSR 


CM Set-Up Time 
(CM before KM Cycle) 


5 




5 




5 




ns 




*CHR 


CM Hold Time 
(CSS before KM Cycle) 


15 




15 




15 




ns 




l RPC 


KM to CM Precharge Time 


5 




5 




5 




ns 




tcPT 


CM Precharge Time 

(CM before KM Counter Test 

Cycle) 


30 




40 




40 




ns 




%RP 


WklTU to RAS Precharge Time 
(CM before KM Cycle) 


10 




10 




10 




ns 




l WRH 


Write to~KM Hold Time 
(CM before KMCycle 


10 




10 




10 




ns 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci' J cc3' !cc4' !cc6 depend on cycle rate. 

4- Icci> Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t 0FF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or t^H must be satisfied for a read cycle. 

12. t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t wcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the tj^u (max.) limit insures that t^c (max.) can be met. t^o (max.) is specified as 
a reference point only: If t^j) is greater than the specified tj^p (max.) limit, then access time is 
controlled by tj^. 
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RSS ONLY REFRESH CYCLE 

tRC 




CSS BEFORE K55 REFRESH CYCLE 



tRC 
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DRAM Module A.C. Conditions No.12 
1Mx4/1Mx1 TSOP-Based Modules 



HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (WRITE) 

tRC 
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CSS BEFORE KS3 REFRESH COUNTER TEST CYCLE 
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rOSHIBA 

DRAM Module A.C Conditions No.13 
4Mx4 4K Refresh-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



oYMBUL 


rAKAMfc, 1 UK 


THMxxxxxx-60 


THMxxxxxx-70 


T TXTTT 




MIN 


MAX 


MIN 


MAX 


l RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


ns 




l RMW 


Read-Modify- Write Cycle 


155 


- 


180 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- Write 
Cycle Time 


85 


- 


95 


- 


ns 




*RAC 


Access Time from RAS 


- 


60 


- 


70 


ns 


9,14, 
15 


*CAC 


Access Time from CAS 




15 




20 


ns 


9,14 


*AA 


Access Time from Column Address 


- 


30 


- 


35 


ns 


9,15 


tcPA 


Access Time from CAS Precharge 


- 


35 


- 


40 




9 


tCLZ 


CAS" to Output in Low-Z 





- 





- 


ns 


9 


k)FF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


40 


- 


50 


- 


ns 




l RAS 


RAS" Pulse Width 


60 


10,000 


70 


10,000 


ns 




l RASP 


KX5" Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


ns 




*RSH 


KM Hold Time 


15 


- 


20 


- 


ns 




l RHCP 


RM Hold Time From~CA"S" 
Precharge (Fast Page Mode) 


35 


- 


40 


- 


ns 




k:sH 


LAa Hold lime 


60 




70 




ns 




tCAS 


CAS rulse Width 


15 


10,000 


20 


10,000 


ns 




^RCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


ns 


14 


*RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


15 


*CRP 


las to KAa rrecnarge lime 


5 




5 




ns 




k:p 


CAS Precharge Time 


10 


- 


10 


- 


ns 




*ASR 


Row Address Set-Up Time 












ns 




*RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




tcAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




ns 




tRCS 


Read Command Set-Up Time 












ns 




*RCH 


Read Command Hold Time 












ns 


11 


*RRH 


Read Command Hold Time refer- 
enced to RAS 












ns 


11 


l WCH 


Write Command Hold Time 


10 




15 




ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


%P 


Write Command Pulse Width 


10 




15 




ns 




*RWL 


Write Command to RAS Lead Time 


15 


- 


20 


- 


ns 




*cwl 


Write Command to CAS Lead Time 


15 




20 




ns 






Data Set-Up Time 





- 





- 


ns 


12 


*DH 


Data Hold Time 


10 




15 




ns 


12 


l REF 


Refresh Period 




64 




64 


ms 




l WCS 


Write Command Set-Up Time 





- 





- 


ns 


13 


k:WD 


CAS to WRITE Delay Time 


40 




45 




ns 


13 


*RWD 


R~£S to WRITE Delay Time 


85 




95 




ns 


13 


*AWD 


Column Address to WRITE Delay 
Time 


55 


- 


60 


- 






klPWD 


CAS Precharge to WRITE Delay 
Time 


60 


- 


65 


- 


ns 


13 


*csr 


CAS Set-Up Time 
(CAS" before RAS" Cycle) 


c 

J 




c 

J 








tcHR 


CAS Hold Time 
(CAS before RAS Cycle) 


10 


- 


15 


- 


ns 




t RPC 


RAS to CAS Precharge Time 


5 


- 


5 


- 


ns 




tcPT 


CAS Precharge Time 

(CAS before RAS Counter Test 

Cycle) 


20 




30 




ns 




l ROH 


RAS Hold Time referenced to DE 


10 




10 




ns 




k)EA 


DE to Access Time 




15 




20 


ns 




k)ED 


DE to Data Delay 


15 




15 




ns 




k>EZ 


Ouput buffer turn off Delay Time 
fromOE 


n 
u 


1 c 

ID 


A 
U 


1 J 


ns 




toEH 


DE Command Hold Time 


15 




15 




ns 




k>DS 


Output Disable Set-Up Time 












ns 




l WTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




ns 




*-WTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 




10 




ns 




l WRH 


Write to"RAS Hold Time 
(CAS before RAS"Cycle 


10 




10 




ns 
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DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (V cc = 5V ± 10%,Ta = 
0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


■ ; 


Random Read or Write Cycle Time 


115 




135 




ns 






Fast Page Mode Cycle Time 


45 




50 




ns 




*RAC 


Access Time from RAS 




65 




75 


ns 


9,14, 
15 


k:AC 


Access Time from CAS 


- 


20 


- 


25 


ns 


9,14 


l AA 


Access Time from Column Address 




35 




40 


ns 


9,15 


^CPA 


Access Time from CAS Precharge 




40 




45 


ns 


9 


l RAS 


KXS Pulse Width 


65 


10,000 


75 


10,000 


ns 




*RASP 


KA"S Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


ns 




l RSH 


RM Hold Time 


20 




25 




ns 




klSH 


CA"S Hold Time 


65 




75 




ns 




l RHCP 


CSS" Precharge to RSS Hold Time 


40 




45 




ns 




tCAS 


CSS Pulse Width 


20 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




ns 
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NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to Vg§. 

3 - Icci^ccs.^^ccedependoncyc 161 "^ 6 - 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V m (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and V IL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and to E2 (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

1 1 . Either t RCH or tjy^jj must be satisfied for a read cycle. 

1 2. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13. t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t wcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAc- 

15. Operation within the tj^p (max.) limit insures that t^c (max.) can be met. t^jj (max.) is specified as 
a reference point only: If t^o is greater than the specified tj^ (max.) limit, then access time is 
controlled by t^. 
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TIMING WAVEFORMS 
READ CYCLE 



\0-A9 




10, All 



WRITE 



DquT 



Note: D| N = OPEN 



: "H" or "L* 
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DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 




n-RP 
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FAST PAGE MODE READ CYCLE 



RaT 



03 



A0~A9 



A10.A11 



WRITf 



Jcrp 



tRASP 



*RP 



tR CD |- ^ ,t C , ; W I— ^ T £ 




1/01 V OH 

~l/04 

Vol 



Note: D, N = OPEN 



: "H" or "L" 
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DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



JOS 



V|H— ~ 



-f tOAM 



,, tpc 

tRCD f \CP p , ^SH > kRP 




A0~A9 



A10.A11 




WRITE 



Note: D ut = OPEN 



"H" or "L" 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 




A0~A9 



10. All^" 3QROW 



Dm/ v i/oh — _ 



*1 DoutI 



•2 D 0U t2 



*3 D 0UT N 
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RSS ONLY REFRESH CYCLE 

_ tRC 




Note: Dim, WRITE, OE="H" or "L* 



€53 BEFORE RSS REFRESH CYCLE 
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READ CYCLE IN THE TEST MODE 




TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



D-71 



DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 




D-72 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 




meuiRA auedit a ci BtrmnMir rnuonucu-ns iwr 



DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 



FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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TEST MODE 

The TC5116400J is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 
words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only I/Ol. A 1C , Aqq are 
not used. If, upon reading, 16 bits are equal (all "l"s or "0"s), the 1/04 pin indicates a"l". 

If they were not equal, the 1/04 pin would indicate a "0". I/Ol, 1/02 and 1/03 always indicate a "1" during 
test mode read cycle. Fig. 1 shows the block diagram of TC51 16400J. In "Test Mode", the 4MX4 DRAM can 
be tested as if it were a 1M X 16 DRAM. 

"WRITE, CSS" Before RM Refresh Cycle" puts the device into "Test Mode". And "CAU Before KA~5" 
Refresh Cycle" or RAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
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DRAM Module AC. Conditions No.15 
4Mx4/4Mxl-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



c V"KvfT3/"\T 
5 I IVlDV^L 


DA D A A>f CTTJ D 
rAKAJYlti 1 CK 


THMxxxxxx-60 


THMxxxxxx-70 


TTXTTT 
UINI1 


JNUIri 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


ns 




l PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


ns 




'rac 


Access Time from RAS 


- 


60 


- 


70 


ns 


9,14 
15 


tCAC 


Access Time from CAS 




15 




20 


ns 


9,14 




Access Time from Column Address 




30 




35 


ns 


9,15 


k;PA 


Access Time from CAS Precharge 


- 


35 


- 


40 




9 


*CLZ 


CSS to Output in Low-Z 





- 





- 


ns 


9 


k)FF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


l RP 


RAS Presharge Time 


40 


- 


50 


- 


ns 




l RAS 


ESS Pulse Width 


60 


10,000 


70 


10,000 


ns 




l RASP 


KXS" Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


ns 




tRSH 


RSS Hold Time 


15 


- 


20 


- 


ns 




*RHCP 


KM Hold Time FromTSS 
Precharge (Fast Page Mode) 


35 


- 


40 


- 


ns 




*csh 


CSS" Hold Time 


60 


- 


70 


- 


ns 




tcAS 


CSS" Pulse Width 


20 


10,000 


20 


10,000 


ns 




*RCD 


RSS to CSS Delay Time 


20 


40 


20 


50 


ns 


14 


l RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


15 


tcRP 


CSS to RSS Precharge Time 


5 




5 




ns 




*cp 


CSS Precharge Time 


10 




10 




ns 






Row Address Set-Up Time 












ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




*CAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




ns 




tRCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 
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DRAM Module AC. Conditions No. 15 
4Mx4/4Mxl-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


*RRH 


Read Command Hold Time refer- 
enced to RAS 





- 





- 


ns 


11 


^WCH 


Write Command Hold Time 


10 


- 


15 


- 


ns 




l WP 


Write Command Pulse Width 


10 




15 




ns 




l RWL 


Write Command to RAS Lead Time 


15 


- 


20 


- 


ns 




tcWL 


Write Command to CAS Lead Time 


15 


- 


20 


- 


ns 




tDS 


Data Set-Up Time 












ns 


12 


l DH 


Data Hold Time 


10 




15 




ns 


12 


l REF 


Refresh Period 




32 




32 


ms 




^WCS 


Write Command Set-Up Time 












ns 


13 


tcSR 


CM Set-Up Time 
(CM before KM Cycle) 


5 


- 


5 


- 


ns 




k:HR 


CM Hold Time 
(CM before KM Cycle) 


10 




15 




ns 




l RPC 


KM to CM Precharge Time 


5 




5 




ns 




tcPT 


CM Precharge Time 

(CM before RM Counter Test 

Cycle 


20 




30 




ns 




Wrp 


WRITE to RAS Precharge Time 
(CM before RM Cycle) 


10 




10 




ns 




t\VRH 


Write to"KM Hold Time 
{CM before RM"Cycle 


10 




10 




ns 
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DRAM Module A.C. Conditions No. 15 
4Mx4/4Mxl-Based Modules 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to Vgg. 

3 - hch !cc3. !cc4. k;c6 depend on cycle rate. 

4. I CC1 , I CC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (t rc ). 

6. An initial pause of 200|xs is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t.r=5ns. 

8. V IH (min.) and (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge 
in Read-Modify- Write cycles. 

13- t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t wcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the t RCD (max.) limit insures that t^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

15. Operation within the t^j, (max.) limit insures that t^c (max.) can be met. t^p (max.) is specified as 
a reference point only: If tj^D is greater than the specified t^c (max.) limit, then access time is 
controlled by t AA . 
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DRAM Module A.C. Conditions No.15 
4Mx4/4Mxl-Based Modules 



READ CYCLE 




A0~A10 



WRITE 



Oout 



Vol - 



"H* or "L" 



WRITE CYCLE (EARLY WRITE) 




A0-A10 



WRITE 



Dqut 



Voh — 
v 0l — 



OPEN 



"H" or "L" 
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DRAM Module A.C. Conditions No.15 
4Mx4/4Mxl-Based Modules 
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DRAM Module AC. Conditions No.15 
4Mx4/4Mxl-Based Modules 



RSS ONLY REFRESH CYCLE 



V| H 



A0~A10 



Vil 



\ 



tRAS 





Dqut 



VOH 

Vol — " 



Note: WRITE = "H" or "L" 



OPEN 



"H" or "L* 



€53 BEFORE ESS REFRESH CYCLE 




WRITE 



Dqut 



Vol— 



Note: A0~A10= "H" or "L" 



"H" or "f 
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DRAM Module AC. Conditions No. 15 
4Mx4/4Mxl-Based Modules 



HIDDEN REFRESH CYCLE (READ) 




A0~A10 



V H 



"H* or "L" 



HIDDEN REFRESH CYCLE (WRITE) 




WRITE 



Dqut 



VOH— _ 

Vol — 



OPEN 



"H" or "f 
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DRAM Module AC. Conditions No.15 
4Mx4/4Mxl-Based Modules 



CSS BEFORE RSS REFRESH COUNTER TEST CYCLE 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V ± 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MEN 


MAX 


MEN 


MAX 


l RC 


Random Read or Write Cycle Time 


110 


- 


130 


- 


ns 






Fast Page Mode Cycle Time 


40 


- 


45 


- 


ns 




*RAC 


Access Time from RAS 


- 


60 


- 


70 


ns 


9,13, 
14 


*CAC 


Access Time from CAS 




15 




20 


ns 


9,13 


t A A 


Access Time from Column Address 


- 


30 


- 


35 


ns 


9,14 


k:PA 


Access Time from CAS Precharge 


- 


35 


- 


40 




9 


tCLZ 


CAS to Output in Low-Z 





- 





- 


ns 


9 


k>FF 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


*RP 


RAS Presharge Time 


40 


- 


50 


- 


ns 




l RAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


ns 




*RASP 


RAS Pulse Width (Fast Page Mode) 


60 


200,000 


70 


200,000 


ns 




^RSH 


RAS Hold Time 


15 


- 


20 


- 


ns 




tRHCP 


RAS Hold Time From CAS 
Precharge (Fast Page Mode) 


35 


- 


40 


- 


ns 




*CSH 


CAS Hold Time 


60 




70 




ns 




^CAS 


CSS Pulse Width 


20 


10,000 


20 


10 000 


ns 




^RCD 


KS5 to CAS Delay Time 




45 


20 


SO 


ns 


13 


^RAD 


RAS to Column Address Delay Time 


15 


30 


15 


35 


ns 


14 


^CRP 


CSS to KSS Precharge Time 


5 




5 




ns 




*cp 


CAS Precharge Time 


10 




10 




ns 




*ASR 


Row Address Set-Up Time 












ns 




l RAH 


Row Address Hold Time 


10 




10 




ns 




l ASC 


Column Address Set-Up Time 












ns 




tCAH 


Column Address Hold Time 


10 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


30 




35 




ns 




toes 


Read Command Set-Up Time 












ns 




toCH 


Read Command Hold Time 












ns 


11 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


l RRH 


Read Command Hold Time refer- 
enced to RAS 












ns 


1 1 


twCH 


Write Command Hold Time 


10 


- 


15 


- 


ns 




*WP 


Write Command Pulse Width 


10 




15 




ns 




*RWL 


Write Command to RAS Lead Time 


15 


- 


20 


- 


ns 




tcWL 


Write Command to CAS Lead Time 


15 




Of) 




ns 




^DS 


Data Set-Up Time 










ns 




*DH 


Data Hold Time 


10 




15 




ns 




l REF 


Refresh Period 




32 




32 


ms 




%CS 


Write Command Set-Up Time 





- 





- 


ns 


12 




CAS Set-Up Time 
(CAS before RAS Cycle) 


5 




3 




ns 




^CHR 


CAS Hold Time 
(CAS before HAS Cycle) 


11) 




15 




ns 




l RPC 


RAS to CM Precharge Time 


5 




5 




ns 




tcPT 


CAS" Precharge Time 

(CAS before RAS Counter Test 

Cycle 


20 




30 




ns 




twTS 


Write Command Set-Up Time 
(Test Mode In) 


10 




10 




ns 




twTH 


Write Command Hold Time 
(Test Mode In) 


10 




10 




ns 




l WRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 




10 




ns 




twRH 


Write toTJAS Hold Time 
(CAS before RASCycle 


10 




10 




ns 





D-86 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



DRAM Module A.C. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


THMxxxxxx-60 


THMxxxxxx-70 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 


RC 


Random Read or Write Cycle Time 


115 




135 




ns 




^PC 


Fast Page Mode Cycle Time 


45 




50 




ns 




l RAC 


Access Time from RAS 




65 




75 


ns 


9,13, 
14 


tcAC 


Access Time from CAS 


- 


20 


- 


25 


ns 


9,13 


l AA 


Access Time from Column Address 


- 


35 


- 


40 


ns 


9,14 


tcPA 


Access Time from CAS Precharge 




40 




45 


ns 


9 


^RAS 


RAS" Pulse Width 


65 


10,000 


75 


10,000 


ns 




tRASP 


RATS Pulse Width (Fast Page Mode) 


65 


200,000 


75 


200,000 


ns 




tRSH 


ESS Hold Time 


20 




25 




ns 




tcSH 


CSS" Hold Time 


65 




75 




ns 




tRHCP 


CSS" Precharge to RSS Hold Time 


40 




45 




ns 




tcAS 


CSS Pulse Width 


20 


10,000 


25 


10,000 


ns 




l RAL 


Column Address to RAS Lead 
Time 


35 




40 




ns 
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DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3- Icci» !cc3» !cc4. !cc6 depend on cycle rate. 

4. I CC1 , Ice* depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while KAS=V IL . In case of Ic C4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200ns is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. V IH (min.) and (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or must be satisfied for a read cycle. 

12. t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t wcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the t RCD (max.) limit insures that tj^c can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAC- 

14. Operation within the t^p (max.) limit insures that t^c (max.) can be met. t]^ (max.) is specified as 
a reference point only: If t^o is greater than the specified t^o (max.) limit, then access time is 
controlled by t^. 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



READ CYCLE 




A0-A10 



WRITE 



Oqot 



: "H* or "L* 



WRITE CYCLE (EARLY WRITE) 



tRC 




A0~A10 



WRITE 



Oqut 



Voh 

Vol— 



: "H* or "I" 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



FAST PAGE MODE READ CYCLE 



Ca5 



kRP I 



A0~A10 



WRITE 



Dqut 



tRASP 



_, km „ 

ircd kp 

tCAS 



Jec_ 



Jcp 



tRP 





"H" or "L" 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

tRASP 



tRP 



IKS 



V| H 
V.L 



C55 



A0-A10 



WRITE 



V 1H — — 4- 

VlL ——/ 



tRCD 



■ ,kp . ■ ,tcp . 




Dqut 



Voh — 
Vol— " 



OPEN 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



RSS ONLY REFRESH CYCLE 



us 



VlL 



AO~A10 



D OUT 



Vol — 



Note: WRITE* "H" or "L" 



OPEN 



"H* or "L* 

















'J 


t « t,tAl i 




CSS BEFORE MS REFRESH CYCLE 




WRiTf 



Dqut 



Not«: A0~A10 = "H" or "L" 



"H" or "L* 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



HIDDEN REFRESH CYCLE (READ) 



Jbsl 




HIDDEN REFRESH CYCLE (WRITE) 




OquT 



V H— _ 

Vol — 
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4Mx4 2K Refresh-Based Modules 
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DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



WRITE, CSS BEFORE ESS REFRESH CYCLE 




WRITE 



Dqut 



Note: Din, A0~A10 = "H" or "L" 

READ CYCLE IN THE TEST MODE 



: "H* or "L" 



A0-A10 




WRITE 



1/01 v oh 
~"/03 Vol 



Note : D| N = OPEN 
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4Mx4 2K Refresh-Based Modules 
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DRAM Module A.C. Conditions No. 16 
4Mx4 2K Refresh-Based Modules 



FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 
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DRAM Module A.C. Conditions No.16 
4Mx4 2K Refresh-Based Modules 



TEST MODE 

The TC51174100J/FT/TR is the RAM organized 4,194,304 words by 4 bits, it is internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only VOL A 1C , 
Aqc are not used. If, upon reading, 16 bits are equal (all "l"s or "0"s), the 1/04 pin indicates a "1". If they were 
not equal, the 1/04 pin would indicate a "0". VOl, 1/02 and 1/03 always indicate a "1" during test mode read 
cycle. Fig. 1 shows the block diagram of TC5 1 17400J/FT/TR. In "Test Mode", the 4MX4 DRAM can be tested 
as if it were a 1MX16 DRAM. 

"WRTTE, CAU Before KAU Refresh Cycle" puts the device into "Test Mode". And "CAU Before KAU 
Refresh Cycle" or HAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRTTE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 




Figure 1 



DRAM Module AC. Conditions No.20 
1Mx16 and lMxl&Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = 5V + 10%, Ta = 0~70°C)(Notes 6,7,8) 



SYMBOL 


PARAMETER 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


MIN 


MAX 


MIN 


MAX 




Random Read or Write Cycle Time 


130 




150 




ns 




tpc 


Fast Page Mode Cycle Time 


45 




50 




ns 




*RAC 


Access Time from RAS 




70 




80 


ns 


9,13 
14 


tcAC 


Access Time from CAS 


- 


20 


- 


20 


ns 


9,13 


l AA 


Access Time from Column Address 




35 




40 


ns 


9,14 


tcPA 


Access Time from CAS Precharge 




40 




45 




9 




CM to Output in Low-Z 












ns 


9 


'off 


Output Buffer Turn-off Delay 





15 





15 


ns 


10 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tRP 


RAS Presharge Time 


50 




60 




ns 




Iras 


ESS Pulse Width 


70 


10,000 


80 


10,000 


ns 




*rasp 


EM Pulse Width (Fast Page Mode) 


70 


200,000 


80 


200,000 


ns 




*RSH 


EM Hold Time 


20 




20 




ns 




tRHCP 


EM Hold Time FromTM 
Precharge (Fast Page Mode) 


40 




45 




ns 






CM Hold Time 


70 


- 


80 


- 


ns 




*CAS 


CM Pulse Width 


20 


10,000 


20 


10,000 


ns 




l RCD 


EM to CM Delay Time 


20 


50 


20 


60 


ns 


13 


l RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


ns 


14 


k:RP 


CM to EM Precharge Time 


5 




5 




ns 




kp 


CM Precharge Time 


10 




10 




ns 




*ASR 


Row Address Set-Up Time 












ns 




*RAH 


Row Address Hold Time 


10 




10 




ns 




Use 


Column Address Set-Up Time 












ns 




*CAH 


Column Address Hold Time 


15 




15 




ns 




l RAL 


Column Address To RAS Lead Time 


35 




40 




ns 




l RCS 


Read Command Set-Up Time 












ns 




l RCH 


Read Command Hold Time 












ns 


11 


l RHH 


Read Command Hold Time refer- 
enced to RAS 












ns 


11 
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DRAM Module A.C. Conditions No.20 
1Mx16 and lMxl8-Based Modules 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 



SYMBOL 


PARAMETER 


THMxxxxxx-70 


THMxxxxxx-80 


UNIT 


NOTE 


X/fTVT 


MAA 


A/fTW 
JVUXN 


WAV 
JVL/YA 


l WCH 


WIllC V^UllUllClllU O.U1U 111I1C 


15 




15 




ns 




W 


Write Command Pulse Width 


15 




15 




ns 




*RWL 


Write Command to RAS Lead Time 


20 


_ 


20 


_ 


ns 




tcWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


ns 




*DS 


Data Set-Up Time 












ns 




l DH 


Data Hold Time 


15 




15 




ns 




*ref 


Refresh Period 




16 




16 


ms 




^wcs 


Write Command Set-Up Time 












ns 


13 


k:SR 


CSSSet-UpTime 
(CSS* before R"A"5 Cycle) 


5 




5 




ns 




k:HR 


CSS" Hold Time 
(CSS before ESS Cycle) 


15 




15 




ns 




l RPC 


KS5 to CAT? Precharge Time 


5 




5 




ns 






CSS" Precharge Time 

(CSS" before RSS" Counter Test 

Cycle 


30 




30 




ns 
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DRAM Module AC. Conditions No.20 
1Mx16 and lMxl8-Based Modules 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltages are referenced to V ss . 

3 - Icci. l cc3> l cc4> l cce depend on cycle rate. 

4- Icci' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL . In case of I CC4 , it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200us is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t T =5ns. 

8. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V ffl and V JL . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. t OFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

1 1 . Either t RCH or t^ RH must be satisfied for a read cycle. 

12. t wcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If t wcs >t W cs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the t RCD (max.) limit insures that t RAC can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
by tcAc- 

14. Operation within the t^p (max.) limit insures that t RAC (max.) can be met. t^p (max.) is specified as 
a reference point only: If t^o is greater than the specified tj^o (max.) limit, then access time is 
controlled by t AA . 
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Note: Dqut = OPEN 



"H" or "L" 



DRAM Module A.C. Conditions No.20 
1Mx16 and lMxlS-Based Modules 



FAST PAGE MODE READ CYCLE 




DRAM Module AC. Conditions No.20 
1Mx16 and lMxl8-Based Modules 
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KS5 ONLY REFRESH CYCLE 



us 



A0-A9 



Vih — 
V«. — 



Vih—-— -J 

Vil — / 



tASR 



tRAH 





Note: WRITE* "H" or "L" 
Din x Don't Care 
D OU t«OPEN 



"H" or "I" 



€53 BEFORE K55 REFRESH CYCLE 



KM 



Vih — 
V,l — . 



OSS 



V|H 

V,i 




DquT 



V H— " 

Vol — - 



> 



OPEN 



Note: WRITE", A0~A9*"H" or "L" 
' Din = Don't Care. 



"H* or "L* 



n.mfi 
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TOSHIBA 3RD GENERATION 16M DRAM 

FEATURES 

0.5jxm Device Technology 

Single 5V/3.3V supply 
(Internal Voltage Down Converter) 

16M Word xl bit Organization 
4M Word x4 bit Organization 

Access Time / Cycle Time 

5V "' l RAC = 50ns 3 - 3V "' t RAC = 60ns 

t CAC = 12ns tc AC =15ns 

t AA = 25ns t AA = 30ns 

tc PA = 30ns tc PA = 35ns 

t RC = 90ns t RC = 110ns 

tpc = 35ns tpc = 40ns 

t HPC = 20ns t HPC = 25ns 

• Operating/Standby Current 

Operating Current (Iccl) = 130mA (2K refresh) 
Operating Current (Iccl) = 1300mA (4K refresh) 
Standby Current (Icc5) = 1mA 

• Operation Mode 
Fast Page Mode 



Hyper Page Mode 
Write Per Bit Mode (5V only) 
4CM Function 



Refresh 
RXS" only Refresh 
CA"5 before RM Refresh 
Hidden Refresh 

All Inputs and Outputs are TTL Compatible 

2048 Refresh Cycle/32ms 

4096 Refresh Cycle/64ms 

Package 

BSJ/BST: 26 pin 300 mil Plastic SOJ/TSOP 

BJ/BFT: 28(24) pin 400 mil Plastic SOJ/TSOP (Compatible with First Generation) 
28 pin 300 mil Plastic SOJ/TSOP (4CX5) 
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Third Generation 
16M DRAM 



26 PIN 300MIL SOJ/TSOP PIN CONNECTION 

16MX1 DRAM 4M X 4 DRAM (4K Refresh) 4M X 4 DRAM (2K Refresh) 






28 PIN 300MIL SOJ/TSOP PIN CONNECTION (4CSS) 

4MX4 DRAM (4K Refresh) 4M X 4 DRAM (2K Refresh) 



Vcc C 




28 


] Vss 


Vcc C 




28 


i/oi C 


2 


27 


] 1/04 


1/01 C 


2 


27 


1/02 C 


3 


26 


] 1/03 


1/02 C 


3 


26 


WRITE C 


4 


25 


3 CAS4 


WRITE C 




25 


ESS C 


5 


24 


] UE 


KA"S C 


5 


24 


A11R C 


6 


23 


3 A9 


NC [ 


6 


23 


CASl C 


7 


22 


] CAS3 


CASl C 


7 


22 


CA52 C 


8 


21 


] NC 


CS55 C 


8 


21 


A10R C 


9 


20 


] A8 


A10 [ 


9 


20 


AO C 


10 


19 


] A7 


AO C 


10 


19 


Al C 


11 


18 


] A6 


Al C 


11 


18 


A2 C 


12 


17 


3 A5 


A2 [ 


12 


17 


A3 C 


13 


16 


3 A4 


A3 C 


13 


16 


Vcc C 


14 


15 


3 Vss 


Vcc [ 


14 


15 



3 Vss 
3 1/04 
3 1/03 

3CS5? 
3GE 

3 A9 
] CA53 
3 NC 
3 A8 
3 A7 

A6 

A5 

A4 

Vss 
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16M DRAM 



FAST PAGE VS. HYPER PAGE MODE 



RAS 

Fast Page Mode 

Add. 
CAS 



\ 



IPC 



Ooul 



"\ /"\ r\ r 

L--'C?- A ._- H 
© © © 



Hyper Page Mode 



Add. ||||||y(~Row |( Col.1 \ Col.2 \ Col.3 \ Col.4 \ Col.5 



^ IHPC 



CAS 



Oout 




-lCOH 



{77} — © — © — © — © 



Note: 



Hyper page differs from Fast Page Mode in that rising CAS does not disable the outputs. This allows the 
fastest possible cycle time (tHPC) to be acheived. The above timing diagram does not reflect the case where data 
is continually valid, as it is posible to disable the I/O's with Hyper Page Mode. Please contact your local Toshiba 
Sales Office for detailed Hyper Page Mode timing parameters and diagrams. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC 



Third Generation 
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512Kx32 CMOS DYNAMIC RAM 



ORGANIZATION 


ci own 


PART NO. 


TCI 16320/1 8320B 


PROCESS 


0.5^m 


POWER SUPPLY 


5.0V/3.3V (VOLTAGE DOWN CONVERTER) 


REFRESH 


1024 CYCLES/16ms 
4096 CYCLES/ms 


ROW ADDRESS 


A0-A1 1 (4K REFRESH)/A0-A9 (IK REFRESH) 


COLUMN ADDRESS 


A0-A6 (4K REFRESH)/A0-A8 (IK REFRESH) 


ACCESS TIME (ns) 


60/70/80 (5.0V) 70/80 (3.3V) 


PACKAGE 


400mil 70pin SOJ (0.8mm PITCH) 
400mil 70pin TSOP (0.8mm PITCH) 


OPERATION MODE 


FAST PAGE MODE/HYPER PAGE MODE 


BYTE CONTROL 


4/CS5 



Vcc 


C 


• 


70 


3 


VS8 


101 


c 


» 


69 


3 


1632' 


164 


c 


3 


66 


3 


1631 


163 


c 


4 


67 


3 


1636 


IU4 


C 


» 


66 


3 


1029 


Vcc 


L 


6 


6S 


3 


Vss 


105 


C 




64 


3 


1628 


i66 


C 


s 


63 


3 


" 164? " 


167 


c 


t 


62 


3 


1626 


IU8 


C 


10 


« 


3 


1025 


1 W6 


L 


11 


60 


3 


we - 


Vcc 


Z 


u 


S9 


3 


v„ 


109 


L 


13 


66 


3 


1624 


I610 


Z 


•4 


87 


3 


1643 


16n 


c 


IS 


66 


3 


"1642 - 


1012 


c 


16 


65 


3 


1021 


Vcc 


c 


17 


64 


3 


Vss 


1613 


c 


IS 


S3 


3 


IO20 


1014 


c 


19 


52 


3 


1019 


1015 


C 


20 


51 


3 


1018 


1016 


C 


21 


50 


3 


16l7 


NC 


C 


22 


49 


3 


NC 


AlC 


C 


23 


48 


3 


wmzn 


nc 


r 


24 


4? 


□ 




NC 


L 


25 


46 


3 




tit 


L 


26 


48 


3 




/HAS 


L 


27 


44 


□ 




AO 


C 


28 


43 




/OK I 


Al 


C 


29 


42 




fjift 1 


A2 


c 


30 


41 




omits 


A3 


c 


31 


40 




EUDlttS 


A4 


c 


32 


39 


□ 


A9 


A5 


c 


33 


38 


3 


A8 


A6 


c 


34 


37 


3 


A7 


Vcc 


c 


35 


36 


3 


v„ 











512Kx32 DRAM 



(70pin 400mil SOJ /TSOP) 
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Third Generation 
16M DRAM 



THIRD GENERATION 16M DRAM-BASED MODULES 



1st Gen. 16M DRAM used(400mil) 



3rd Gen. 16M DRAM used(300mil) 



4Mx36 
(36bit Parity) 



THM36402S/SG 



THM36400BS/BSG 



□ □ E3 EZ3° 



□□□□□□Ml 



llllllllllllllllrui 



•TC5117400Jx8 
•TC514100ASJx4 
• 22.86mm Height 



•TC5117400BSJ x8 

• Quad CAS(4Mx4)xl 

• 25.40mm Height 



4Mx36 

(36bit ECC Module) 



THM364060SG 



THM364070BSG 



1, 4 II I 13 

I mmmaiiHiiiiiiMiMu-aii— n — i 

ft L-L,T 



"nmnrif 



fUUUUUUUUU ° 



1 



•TC5117400Jx9 
• 17.78mm Height 



•TC51174BSJ x9 
•25.40mm Height 



4Mx40 

(40bit ECC Module) 



THM404020SG 



THM404000BSG 



to. i i~ 




TC5117400JxlO 
' 17.78mm Height 



•TC5117400BSJxlO 
• 25.40mm Height 
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16MDRAM 



THIRD GENERATION 16M DRAM-BASED MODULES 



1st Gen. 16M DRAM used(400mil) 



3rd Gen. 16M DRAM used(300mil) 



8M x36 
(36bit Parity) 



THM3648020S/SG 



THM368020BS/BSG 




■nnnnmnnn 



•TC5117400Jxl6 
•TC514100ASJ x8 
• 34.00mm Height 



•TC5117400BSJxl6 

• Quad CAS(4Mx4)x2 

• 25.40mm Height 



8Mx36 

(36bit ECC Module) 



THM368060SG 



THM368060BSG 



1 I 






o 









miiiirmTwrm 



mODDD 



•TC5117400Jxl8 
•29.21mm Height 



•TC51174BSJxl8 
• 25.40mm Height 



8Mx40 

(40bit ECC Module) 



THM408020SG 



THM408020BSG 




mnnn 



-TC5117400Jx20 
1 29.21mm Height 



TC5117400BSJx20 
• 25.40mm Height 
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3.3V DRAM 



3.3V DRAM 



Type 


Package 


Voltage 
Supply 


Target 
Access 
Time 


Organization 


Gen. 


SOJ 


TSOP 


4M DRAM 


4th 


o 




3.3V±0.3V 


70ns 


16M ORAM 
(16Mx1,4Mx4) 


3rd 


o 


O 


3.3V±D.3V 


60ns 


16M DRAM 
(2Mx8) 


2nd 


o 


O 


3.3V±0.3V 


70ns 


16M DRAM 

(1Mx16,x18) 


2nd 


o 


O 


3.3V±0.3V 


70ns 
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3.3V DRAM 



3.3V Vcc, I/O Interface Target Spec. 

Abs. Max. Rating — 0.5-4.6V (V cc ) 



— 0.5~V CC + 0.5V< (Input pin) 



V cc Operating 3.3V ± 0.3V 

V OL Max. (DC) 0.4V (I 0UT = 2mA) 

V OH Min. (DC) 2.4V (I oux = -2mA) 

V OL Max. (DC) 0.8V (I 0UT = 2mA) 

V 0H Max. (AC) 2.0V (I OUT = -2mA) 

V IL Min. -0.3V 

V^Max. 0.8V 

V IH Min. 2.0V 

V IH Max. V CC + 0.3V 
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Small Outline SIMM 



TOSHIBA SMALL OUTLINE SIMM 



Small Outline SIMM 



Based 51 2Kx8 



IBank f - "' 



2Bink f~"' 



4 



Based 51 2Kx9 



L.. 

iBank f - 1! 



28anK I 



50ns 60ns 



70ns 80ns 



-jTHMxxxxxx-7oj-jTHMxxxxxx-8oj 



-[tHMxxxxxx-50-— |THMxxxxxx^0j— jTHMxxxxxx-70j— JlHMxxxxxx-aoj 



r"_"_"|l : Under development 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



E-9 



Small Outline SIMM 



TOSHIBA SMALL OUTLINE SIMM 



1. Outline 

Dimension 
Front side 



2,03 



7 .62 



iHTTinnrnTTniimnmninmiTiTi 



44,45 



B.2SS, , 



Back side R 1.57 f 
2-R 2.00 



2lillll l llHllllllllllHllllHIIUIII)72 




(unit : mm) 



L- 59.69±0.13 
H= 25.40±0.13 
T= 3.810 MAX 



Pin Count 

72pin (50mil pitch lrow / zig-zag read out) 

2. Data bus width 

x32 / 36 bit 



3. Maximum capacity 

256M byte maximum using 256M DRAM 

4. Pin function assignment 



Pin count 



Signals 


Function 


x32 


x36 


AO to A13 


Address input 


14 


14 


DQ 


Data-in/Data-out 


32 


36 


/RAS 


Row address strobe 


4 


4 


/CAS 


Column address strobe 


4 


4 


AVE 


Read/Write enable 


1 


1 


Vcc 


Power supply 


3 


3 


Vss 


Ground 


3 


3 


PD 


Presence detect 


7 


7 


NC 


No connection 


4 
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TOSHIBA 8-BYTE SIMM 



50ns 60ns 



70ns 



80ns 



OBytO SIMM —r~ \ Based 1Mx4 | 1MX72 ] [tHMxxxxxx-50j— i iTIWUxxxxxio]— i [THMxxxxxx-TOj^THMxxxxxx-eOj 



Based 2Mx9 



■~ THMxxxxxx-60) — i THMxxxxxx-70-— ; THMxxxxxx-80; 
-• THMxxxxxx-60; — • THMxxxxxx-70r-i THMxxxxxx-80| 



Based 4Mx4 | i jjjjff i 4M x72 ] fTHMmxxx-5oj— j [THMxxxxxx-sb]— : |THMxxxxxx-70j 

|ggft [ 4M x72 * ;THMxxxxxx-5ol— ;THMxxxxxx-60j— iTHMxxxxxx-70j 
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TOSHIBA 8-BYTE SIMM 



1. Outline 

Dimension 




irnwrnimiiinimiiinimnmiinrrrrrTrm 

84 

168 



I I IIIIJJllJ ^ llilllllMllllUUIIIIIIIIIIIII W IIIIII III I I III I Illl l llll ll ll l l l l l llLIillitLb 



5 




L«133.35±0.13mm 
H« 25.40*0.1 3mm 
T- 4.060mm MAX 



Pin Count 

168pin (50mil pitch lrow / dual read out) 

2. Data bus width 

x64772 - bit (Parity mode), x72/80 - bit (ECC mode) 

3. Maximum capacity 

512M byte maximum using 256M DRAM 

4. Pin function assignment 



Pin count ECC mode 



Signals 


Function 


x32 


x36 


x72 


x80 


AO to A13, BO 


Address input 


15 


15 


15 


15 


DQ (, PQ*) 


Data-in/Data-out 


64 


64 


72 


80 


/RAS 


Row address strobe 


4 


4 


4 


4 


/CAS 


Column address strobe 


8 


8 


8 


8 


AVE 


Read/Write enable 


2 


2 


2 


2 


/OE 


Output enable 


2 


2 


2 


2 


Vcc 


Power supply 


16 


16 


16 


16 


Vss 


Ground 


16 


16 


16 


16 


PD 


Presence detect 


8 


8 


8 


8 


ID 


ID bit 


2 


2 


2 


2 


/PDE 


PD enable 


1 


1 


1 


1 


Reserved 


Presence detect 


16 


8 


12 


4 


RFU 


Reserved for future use 


14 


14 


14 


14 



*PQ is used for x72 parity only. 
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Cross Reference 



DRAM/MODULE CROSS REFERENCE GUIDE 



DRAM (xl/x4) 



Organization 


4Mxl (Fast Page) 


16Mxl (Fast Page) 


1Mx4 (Fast Page) 


4Mx4 (2K 
Refresh 


4Mx4 (4K 
Refresh 


TOSHIBA 


TC514000A 


TC5116100 


TC514400A 


TC5117400 


TC5 116400 


Fujitsu 


MB814100 


MB8116100 


MB8 14400 




MB81 16400 


Hitachi 


HM514100 


HM5116100 


HM5 14400 


HM5 117400 


HM5 116400 


Micron 


MT4C1004 


MT4C16M1A1 


MT4C4001 


MT4C4M4B1 


MT4C4M4A1 


Mitsubishi 


M5M44100 




M5M44400 






Motorola 


MCM5 14100 




MCM5 14400 






NEC 


UPD424100 


UPD4216100 


UPD424400 


UPD4217400 


UPD4216400 


Oki 


MSM5 14100 




MSM5 14400 






Samsung 


KM41C4000 


KM41C16000 


KM44C1000 


KM44C4100 


KM44C4000 


Siemens 


HYB514100 


HYB511610 


HYB5 14400 




HYB5 11640 


TI 


TMS44100 




TMS44400 







DRAM (x8/x9) 



Organization 


512Kx8 


2Mx8 (2K Refresh) 


512Kx9 


TOSHIBA 


TC514800A 


TC5 117800 


TC514900A 


Hitachi 


HM5 14800 




HM5 14900 


Micron 


MT4C8512 


MT4C2M8B1 




Mitsubishi 


M5M44800 




M5M44900 


NEC 


UPD424800A 


UPD4217800 


UPD424900A 



DRAM (x!6/xl8) 



Organization 


256Kxl6 (2 CAS) 


256Kxl6(2WE) 


1Mx16 (IK, 2 CAS) 


1Mx18(1K,2CAS) 


TOSHIBA 


TC514260B 


TC514170B 


TC5118160A 


TC5118180A 


Hitachi 


HM5 14260 


HM514170 






Micron 


MT4C16257 


MT4C16256 


MT4C1M16C3 




Mitsubishi 


M5M44260 


M5M44170 






NEC 


UPD424260A 


uPD424170A 


UPD4218160 


UPD4218180 
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MODULE (x32) 



Organization 


1Mx32 


2Mx32 


4Mx32 


8Mx32 


TOSHIBA 


THM321000A 


THM362020A 


THM364020 


THM368020 


Hitachi 


HB56D132 


HB56D232 






Micron 


MT8D132 


MT16D232 


MT8D432 


MT16D832 


NEC 


MC421000A32 


MC422000A32 


MC424000A32 


MC428000A32 


Oki 




MSC383 







MODULE (x36) 



Organization 


1Mx36 


2Mx36 


4Mx36 


8Mx36 


TOSHIBA 


THM361020A 


THM362020A 


THM364020 


THM368020 


Hitachi 


HB56D136 


HB56D236 


HB56D436 


HB56D836 


Micron 


MT9D136 


MT18D236 


MT12D436 


MT24D836 


Mitsubishi 


MH1M36 


MH2M36 


MH4M36 




NEC 


MC421000A36 


MC422000A36 


MC424000A36 


MC428000A36 


Oki 


MSC2350 








Samsung 


KMM5361000 


KM5362000 
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16M DRAM Reliability Report 
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16M DRAM Reliability Report 



1. 16M DRAM Family and Process Parameters 

1) 16M DRAM (xl/x4) 



Device 


Org. 


l RAC 


tcAC 


Special Function 


TC51 16100J/Z/FT/TR-60 
-70 


16Mxl 


60 ns 
70 ns 


IS ns 
20 ns 


Fast Page 


TC5116101J/Z/FT/TR-70 


16Mxl 


70 ns 


20 ns 


Nibble 


TC51 16102J/Z/FT/TR-70 


16Mxl 


70 ns 


20 ns 


Static Column 


TC51 16400J/Z/FT/TR-60 
-70 


4Mx4 


60 ns 
70 ns 


IS ns 
20 ns 


Fast Page 4K 
Refresh 


TC51 16402J/Z/FT/TR-70 


4Mx4 


70 ns 


20 ns 


Static Column 4K 
Refresh 


TC5 1 16410J/Z/FT/TR-70 


4Mx4 


70 ns 


20 ns 


Fast Page Write- 
per-bit 4K Refresh 


TC5 1 17400J/Z/FT/TR-60 
-70 


4Mx4 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 2K 
Refresh 


TC5 1 17402J/Z/FT/TR-70 


4Mx4 


70 ns 


20 ns 


Static Column 2K 
Refresh 


TC5 1 17410J/Z/FT/TR-70 


4Mx4 


70 ns 


20 ns 


Fast Page Write- 
per-bit 2K Refresh 



J:SOJ package 
Z:ZIP package 
FT:Normal TSOP package 
TR:Reverse TSOP package 



2) Key Process Parameters 

1st Generation 16M DRAM 



Process 


Triple-well CMOS 
Double-Poly/WSi2/Double-Metal 


Feature Size 


0.6 Jim 


External Voltage 


5V 


Internal Voltage 


4V 


Transistor 
Lpoly 
tox 


0.7 urn (n-ch) 
0.9 \im (p-ch) 
160A 


Memory Cell 
Cell Size 
Structure 
tox (ONO) 


1.57 X 2.95 um2 (4.63 um2) 
Trench 
lOOA (effective) 



Bonding Options:xl/x4 

Fast Page / Nibble / Static Column Mode 
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3) 16M DRAM (x8, x9, xl6, xl8) 



Device 


Org. 


l RAC 


k:AC 


Special Function 


TC51 16800ANJ/ANT/ANR-60 
-70 


2Mx8 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 
4K Refresh 


TC5 1 1 7800ANJ/ANT/ANR-60 
-70 


2Mx8 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 
2K Refresh 


TC5 1 16900AJ/AFT/ATR-60 
-70 


2Mx9 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 
4K Refresh 


TC5 1 17900AJ/ArT/ATR-60 
-70 


2Mx9 


60 ns 
70 ns 


20 ns 


Fast Page 
2K Refresh 


TC51 16160AJ/AFT/ATR-60 
-70 


1Mx16 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 
4K Refresh 
2 CAS, 1 WE 


TC5 1 1 8 1 60AJ/AFT/ATR-70 
-80 


i i f. 


70 ns 
80 ns 


20 ns 
20 ns 


Fast Page 
ijv Kciresn 
2 CAS, 1 WE 


TC51 16180AJ/AFT/ATR-60 
-70 


1Mx18 


60 ns 
70 ns 


15 ns 
20 ns 


Fast Page 
4K Refresh 
2 CAS, 1 WE 


TC5 1 1 8 1 80AJ/AFT/ATR-70 
-80 


1Mx18 


70 ns 
80 ns 


20 ns 
20 ns 


Fast Page 
IK Refresh 
2 CAS, 1 WE 



AJ:SOJ package (2Mx9:32 pin, lMxl6/18:42 pin) 
ANJ:SOJ package (2Mx8:28 pin) 
AFT:TSOP package (2Mx9:32 pin, 1Mx16/18:50/44 pin) 
ANT.TSOP package (2Mx8:28 pin) 

ATR:Reverse TSOP package (2Mx9:32 pin, 1Mx16/18:50/44 pin) 
ANR:Reverse TSOP package (2Mx8:28 pin) 
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II. Major reliability study 

The first generation 16M DRAM is a CMOS device based on 0.6 mm design rule. This section details the 
reliability of the Toshiba 16M DRAM technology. 

1) Oxide Breakdown 

Time Dependent Dielectric Breakdown (TDDB) of the 16M DRAM gate oxide is very critical because of 
the very thin oxide layer. (,100A). The TDDB failure rate greatly depends on the process. 

Figure II-l shows the TDDB results for the 16M DRAM process. The reliability of this process exceeds 
10 years even with stress induced by a 5 MV/cm electric field. In order to reduce the electric field in the 16M 
DRAM memory cell capacitor, a 1/2 VINT cell plate is used. 

In order to estimate the field failure rate of actual devices, it is necessary to derive the acceleration factor. 
The relation between the time to failure (tF) and the stress condition is given by the following equationl). 

t F = Ae[-bV + (Ea/kT)] (1) 

where 



A=constant 

E a =activation energy (eV) 
k=Boltzmann's constant (1.38xlO~ 23 J/K) 
T=absolute temperature (K) 
V=stress voltage (V) 
P=voltage acceleration factor 

The numerical values for the E a and P parameters were determined experimentally to be the following. 
E a = 0.3eV 
P = 3 

Gate Integrity 



Ta = 125X 
Tox = 160 A 
p = 3.1 



-I 1 L. 



8 [MV/cm] 



3 4 5 [V] 

Figure II- 1. TDDB Results for the 16M DRAM 
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2) Electromigration 

It has been established that, when a high density current is applied to the Al metal, an open circuit can 
result in this metal. This phenomenon is known as electromigration and is one of the critical failure mechanisms 
relative to the narrow Al line width of the large scale devices. 

The mechanism of electromigration on a thin film is explained as follows. 

While current flows in the thin film, an electron wind force is applied on the metallic atoms. As a result, 
the Al atoms diffuse in the direction of the electron flow (from cathode to anode), forming a void on the cathode 
side, and a hillock or a whisker on the anode side. 

The open circuit failure on the thin film occurs when the mass movement in the metal becomes uneven. 
This unevenness is caused by variations in temperature, current density or transfer rate of Al ions. For example, 
(1) uneven Al grain size2), (2) generation of device3), and (3) metal in contact with other materials4). 

The electromigration life of the thin film is generally expressed as the mean life (MTTF : Mean Time To 
Failure) as shown below5). 

MTTF = AT" e^ 1 ) (2) 

where J is the current density, n is a constant in relation to current density, Ea is the activation energy, T 
is the absolute temperature, k is Boltzmann's constant, and A is a constant in relation to the material, structure, 
and size of the metal. From this expression, it is understood that the mean life increases with the decrease of 
current density or temperature. Also, the life distribution approximates the log normal distribution with small 
dispersion. 

Figure II-2a shows the test condition for the electromigration test. Figures II-2b and II-2c show the results 
of this test for the lines and vias, respectively. The stress conditions are J = 23106 and Ta = 200°C. 



TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



16M DRAM Reliability Report 



(Cross Section) 




Passivation 



Metal 2 



Inter-Level Oxide 

■ Metal 1 
-4 Barrier Metal 



■ Inter-Level Oxide 
• Field Ox 

■ Silicon Substrate 



Electromigration 



Test Vehicles 



(Line) 



Passivation 




2nd Metal 
Filled Tungsten 



Inter-Laye 



Substrate 



Tungsten Filled 
Structure 



Conventional Non- 
Filled Structure 



(Via) 



Figure H-2a. Test Conditions for the 16M DRAM Electromigration Test 
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Line 




i 100- 



2 _ 



10 



O Al-Si-Cu (9000A) 

• Al-Si-Cu (4000A) / TIN (700A) / Ti (200A) 

T a = 200(°C) 
J = 2 x lO^A/cm 2 ) 



TTnTj — i i 1 1 1 1 ii| — r~n 

1 10 
Line Width [pm] 

Figure II-2b. 16M DRAM Electromigration Test Results for Lines 

Via 

i\ 



1000 Y- Istress = 1 x 10 6 A/cm 2 
Tj = 200°C 



_ 100 



c 

3 

•e 

CO 



10 



Tungsten Filled 



Conventional 
(Non-filled) 







1L|L_L 



± 



JL 



1.0 1.2 1.4 1.6 
Via Hole Size [\im] 

Figure Il-2c. 16M DRAM Electromigration Test Results for Vias 
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3) Hot electron injection 6 



The N channel MOS transistor, while operating in the saturation region, generates a large electric field in 
the depletion region around the drain. Electrons, the carriers of the channel current, are accelerated and applied 
with high energy in this region (hot electron) and some of these electrons are scattered as photons and others 
may lose energy through the impact ionization. Some of the electrons scattered as photons and ionized by the 
impact are injected through the Si-Si02 interface to the interior of the gate oxide film. A few of the injected 
electrons are trapped in the gate oxide film, and the others move in the oxide film to be absorbed in the gate 
electrode. The electrons are trapped, primarily, at the pinch-off point around the drain and cause a shift in the 
threshold voltage (Vth) during operation over a long period of time. LDD (Lighted Doped Drain) transistors are 
used in the 16M DRAM to reduce the Vth shift during operation. 

Figures II-3a and II-3b show the hot carrier reliability duty ratio and hot carrier reliability DC stress for 
the 16M DRAM, respectively. 



1 - 



Duty Ratio = ( 



sub-max ' RC 

= 0.3% 




Figure II-3a. Hot Carrier Reliability Duty Ratio 
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4) Soft Error 

As memory density and circuit complexity increase, concern about the DRAM's susceptibility to soft 
errors also increases because the higher levels of integration have primarily been achieved through a reduction 
of the storage cell size. 

Soft Errors are random, non-recurring, single-bit errors which may be induced by alpha particles emitted 
by radioisotopes in the package material during decay. Electron-hole pairs are generated as the alpha particles 
lose energy after they penetrate the substrate. The electrons are drawn into the storage cells while the holes are 
drawn into the substrate. If the charges collected in the cell exceed the critical charge, a cell mode soft error will 
result. A bit-line soft error can also occur if alpha particles hit a floating node while a bit line is open. As a result 
bit-line soft errors have a higher rate of occurrence with faster cycle times. 

Toshiba has implemented the following countermeasures which have been extremely effective in reducing 
the soft error rates (SER). 

i) Thin oxide films to increase the cell capacitance in order to maintain a high critical charge level. 

ii) A high grade resin to minimize alpha particle emissions from the packaging material. 

Figure II-4 shows the SER test results of our 16M DRAM as compared to the 1M and 4M DRAMS. 
Note : 

Soft Error Rates can also be caused by excessive system noise levels and other operating conditions such 
as voltage supply level and timing conditions. A careful system design and an adequate board layout will help 
prevent the occurrence of this type of soft error. 
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Accelerated Test Results 



Soft Error Rate 
(Failures/H) 

100 



10 



0.1 



Condition: 

Alpha Source: 241 Am 

(6.3 x 10 5 a/Hcm 2 ) 

T a = 25°C 
V cc = 5.0V 
Checker Board 

□: 16MDRAM 
V: 4M DRAM (A) 
O: 1 M DRAM (A) 




-L 



± 



200 ns 

System Test Results 



500 ns 1 (xs 2 (xS 



10 (JLS 



Test Device 


Device Hour 


Number of fail 


Estimated Soft Error Rate (C.L. = 60%) 


TC514100A 


4.14xl0 6 


2 


748 Fit 


TC51 16100 


2.24x1 6 


1 


902 Fit 



Test Conditions: V cc = 5V 
t RC = 1 (XS 

Test pattern: Checker board 



T a = 35°C 



Figure II-4. 16M DRAM Soft Error Rate Test Results 
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5) ESD sensitivity 

Concerns about Electro- Static Discharge (ESD) increased as thinner oxide gates and fine design rule were 
used in higher density devices. ESD damage results from stray discharge on the device input pins and can cause 
gate oxide failure. Static electricity may be encountered during all stages of the manufacturing process, during 
shipping and during handling by the customer. To protect the devices from damage caused by the high voltages 
generated from static electricity, all inputs are provided with an input protection circuit. 

The input protection circuit of the Toshiba 16M DRAM is shown in Figure II-5a. The resistance (Rl) 
attenuates fast rise time large positive voltage spikes, while the diode (Dl) acts to discharge the electricity to 
V SS - 

The input protection circuit is tested with the following models which simulate ESD-induced failure 
mechanisms: 

Test Method Test Results 

i) The human body model Figure 5b Figure 5c 

ii) The machine model Figure 5b Figure 5d 



Pad 



Input 




Figure II-5a. 16M DRAM Input Protection Circuit 
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TC51 16400/021 0J ESD Protection TEST Circuit 

Human Body Model: R = 1 .5 KH 
C = 100 pF 



Machine Model: R = 01i 
Plus C = 200 pF 




Other Pins OPEN 



Minus 




Ftx : 20 Mil 

* — WV- 



Other Pins OPEN 

Figure II-5b. Human Body and Machine Model Test Methods 
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TC511 6400/02/1 OJ 

Internal Qualification Data for ESD 



R = 1500 [II] 
C = 100 [pF] 




Plus Stress 



1000 



1200 



1400 



1600 



STRESS [V] 




1800 2000 

[Measuring Limit] 



Minus Stress 




-1000 -1200 -1400 -1600 -1800 -2000 

[Measuring Limit] 

STRESS [V] 



Figure II-5c. Human Body Model Test Results 
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TCC5 11 6400/02/1 OJ 

Internal Qualification Data for ESD 



Plus Stress 



R =0[n] 
C = 200 [pF] 



^ LOTA 
® LOTB 
Q LOT C 




50 100 150 200 250 

[Measuring Limit] 

STRESS [V] 



Minus Stress 



i r 




-50 -100 -150 -200 -250 

[Measuring Limit] 



STRESS [V] 



Figure II-5d. Machine Model Test Results 
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6) Latch-up 

CMOS devices have intrinsically parasitic thyristors which are composed of parasitic npn and pnp 
transistors, as shown in Figures II-6a and II-6b. 




P-well 



N-substrate 



Figure II-6a. Example of parasitic bipolar transistor of a CMOS device 

(V INT ) Ri: N-well resistance 

Q R2: P-well resistance 



R1 



777? 



Figure II-6b. Equivalent Circuit 



Latch-up is a phenomenon which occurs when these parasitic thyristors are turned on, resulting in a low 
impedance path from VCC to ground (VSS) which usually exceeds the current handling capability of the on- 
chip metallization. Latch-up can be triggered when sufficient current is induced by noise on the input, output or 
VCC pins, resulting in the flow of excessive current from VCC to VSS which continues to flow until VCC is 
turned off. Latch-up initially causes functional device failure and finally causes thermal destruction. With 
increased circuit densities and finer design rules, latch-up sensitivity became more critical. Latch-up immunity 
for devices such as the 16M DRAM has been improved through the use of the following techniques: 

i) Input protection resistances are placed in input circuits. 

ii) The critical resistance of the N-well, P-well, and the N-substrate is greatly reduced with the use of a 
guard ring. 

Toshiba's latch-up test method is shown in Figure II-6c. The test results, shown in Figure II-6d, indicate 
that our 16M DRAMs have a high resistance to latch-up. 



fS.-ifi 
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16M DRAM Latch up TEST Circuit 

1. v nr 



Voltage Sequence 



3 



1 



V ss 


Vss 


Vcc 


o< 



Y 



V cc Trigger Voltage 



V™ = 5V — 



Vrr = OV 



0V-+10V 
(Other Pin: Normal Write/Read Opeation) 



2. Input Pin 



I 



n n n nn n n n n n 

v« V 



V C c V c 

uuuuu — uuuuu 



1 



Trigger Voltage 

(Test Pin) 

Trigger 
Voltage = OV 



V cc = 0V 

-10V-+10V 
Current Limit = ±100 mA 



3. Output Pin 



nn 



.urn 



YYTYY YYYYY 



I? 



5V 



7V 



Trigger Voltage 
(Dou. Pin ) 

Trigger Voltage = OV 

V., = 7V 



(V cc ) 



(1): Latch up checked 
in this duration. 






V cc = OV 

}f -10V-+10V 

Current Limit = ±100 mA 




H 

(i) 



Figure II-6c. Latch-up Test Method 
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16M DRAM Latch up Test Result 



Measured Pin 


Spec. 


Sample Size 


Result 


VCC 


+10V 


5 pes x 3 Lot 


15 / 15 Pass 


Input 


+10V 
or 

±100mA 


5 pes x 3 Lot 


15 / 15 Pass 


Output 


+10V 
or 

±100mA 


5 pes x 3 Lot 


15 / 15 Pass 



Figure II-6d. Latch-up Test Results 
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7) Temperature cycling 

One of the most serious problems for a large die size is an increase in the package resin stress. Figure II- 
7a shows a simulation of the shear stress distribution on the die using the finite element method. The shear stress 
is concentrated on the corner of the die. 

Known failure modes caused by the stress consist of package crack, top passivation crack and metal open 
due to deformation. A low stress resin and a polyimide coating are used for the 16M DRAM in order to prevent 
these failures. 




X 



Figure II-7a. Resin Stress Distribution Over a Die 
(Three-dimensional finite element method) 
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Figure II-7b shows the relation between number of cycles to 1% failure rate and temperature differences 
(DT) of the Temperature Cycling Test (TCT), where devices with conventional resis and without die coating are 
used. 

300 cycles of TCT (265°C/150°C) guarantee more than 10 years of field use (A = 75°C, 2 cycles/day). 
The low stress resin and polyimide coating further extend the life expectancy of Toshiba's 16M DRAM's. 




50 100 150 200 250 300 



AT (»C) 



Figure II-7b. Temperature Dependence of TCT Failures 
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8) Humidity study 

Problems associated with humidity become more critical as the die size increases because of the shorter 
path between the outer lead frame and the die despite improvement of the packaging material. For devices with 
fine design rule, moisture penetration will also cause electrical parameter shifting due, in particular, to a voltage 
threshold Vth drift in the P-channel transistors. 

Figure II-8a shows the humidity test results using TEG devices and the temperature dependency (with 
relative humidity fixed at 85%) is given as 

E a = 0.8 eV for Al corrosion and E a = 1 .0 eV for parameter shift (a e [ ~ E a /kT] ). 

E a = 0.8 eV indicates that 2000 hours of 85°C/85% or 120 hours of 130°C/85% guarantees 10 years of 
field use at 40°C/85%. 



® 



o 



to 




Degradation (Vth Drift and Input Leakage) 



Humidity Condition 



RH = : 85% 



2 



130 



85 



60 



(°C) 



2.5 



3.0 



10 3 /T(°K) 



Reciprocal Temperature 



Figure II-8a. Temperature Dependence of Humidity Failure 
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9) SOJ package reliability during the soldering process 

Plastic surface mount packages are susceptible to cracking induced by moisture absorption. Epoxy resin 
molded packages have a strong tendency to absorb moisture. The absorbed moisture vaporizes when the 
package is exposed to an abrupt and extreme transition in temperature during reflow soldering. The resulting 
pressure of the water vapor can cause the package to crack. 

Thermal Stress 



11111111 




Water Vapor 



Figure II-9a. Mechanism of Package Crack 



Cracks 



Moisture absorption and desorption characteristics of the 16M DRAM SOJ and TSOP packages are shown 
in Figures H-9b, c, d and e, respectively. 



5000 — 



2000 



1000 



500 



200 



CHARACTERISTICS OF MOISTURE ABSORPTION 
1 6M DRAM (SOJ-28 400 Mil) o -O 

• -• 

A- A 
▲-▲ 



85°C/85% 
85°C/60% 
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30°C/60% 
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Figure II-9b. Characteristics of Moisture Absorption 
16M DRAM (SOJ-28 400 Mil) 
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CHARACTERISTICS OF MOISTURE ABSORPTION 
1 6M DRAM (TSOP-28 400 Mil) 
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Figure II-9c. Characteristics of Moisture Absorption 
16M DRAM (TSOP-28 400 Mil) 
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CHARACTERISTICS OF MOISTURE DESORPTION 
1 6M DRAM (SOJ-28 400 Mil) 
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Figure II-9d. Characteristics of Moisture Oesorption 
16M DRAM (SOJ-28 400 Mil) 
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CHARACTERISTICS OF MOISTURE DESORPTION 
1 6M DRAM (TSOP-28 400 Mil) 
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Figure II-9e. Characteristics of Moisture Desorption 
16M DRAM (TSOP-28 400 Mil) 
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Figure II-9g. V.P.S.Reflow Curve 
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To prevent surface mount package cracks, pre-baking is necessary in order to exhaust the moisture content 
of the package prior to soldering. With the new Toshiba dry packing method the customers will be given the 
benefit of eliminating the pre-baking step in their process. 

Dry packing methods for both tube type and tape and reel tape surface mount packages are shown in Figure 

n-9f. 

Tube Type Tape & Reel Type 




ID-A 

note *As the material of moisture proof bag, a laminated aluminum is used. 
*ID:Identification - A (ID-A) 

Part Number, Date Code, Quantity (by labelling or pricing) 
*ID:Identification - B (ID-B) 
Precaution after opening dry packing (by printing) 
*ID:Identification - C (ID-C) 

Precaution for strategic product control (by labelling or 
printing) — COCOM control product only. 

Figure II-9f. Dry Packing Methods 



Recommended Soldering Methods for Soldering SOJ and TSOP: 
A. Vapor phase soldering process: 

1) Fluorinert FC-70* or equivalent should be used as heating media. 
(*3M's registered trade name) 

2) To be performed at ambient temperature of 215°C for not more than 
30 sec. and at 200°C for not more than 60 sec. 

3) Refer to the figure below as an example of the recommended temperature profile. 
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B. IR reflow 

l)Middle/far IR and both side heaters should be used. (See Figure II-9h.) 

Reflow heater 
(middle IR heater x 2) 




Pre heater 
(far IR heater) 



Figure II-9h. IR Reflow Equipment 




Figure II-9i. IR Reflow Curve 
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Shipping Form for TSOP 
1) Outline of Packaging 
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Aluminum Laminate (Thickness; 120 urn) 




in Bag 



Label 

(Indicated P/N, Quantity and Shipping Weekly Code) 




in 

1 Inner Box 



6 Inner Boxes 

Packed in 
1 Shipping Box 



(Indicated P/N, Quantity and Shipping Weekly Code) 

2) Number of TSOP per Shipping Box 



No. of Pin 


No. of TSOP 
per Tray 


No. of Trays per 
Inner Box 


No.ofTSOPs 
per Inner Box 


No. of Inner Boxes 
per Shipping Box 


No.ofTSOPs 
per Shipping Box 


24 












26 












28 


60 pes 


5+1 cover 


300 pes 


6 


1800 


32 












44 













G-28 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



16M DRAM Reliability Report 



III. Quality and Reliability Assurance 

1) At the stage of new device development: 

Internal qualification tests are performed for the purpose of verifying the 
desired characteristics and reliability levels. TEG qualification for new 
technologies, prior to products qualification, are applied as shown in 
Figure Ill-a. Internal qualification results for products are shown in section IV. 

2) At the stage of mass production: 

In order to monitor the quality and reliability, lot quality assurance inspections 
and a periodical reliability test (long term life test) are performed on the 
finished products on a sampling basis, as shown in Figure Ill-b. If the 
acceptance criteria is not met during the lot assurance test, all the devices 
in the lot are tested or burned-in again or scraped, depending on the failure category. 



Packing 
Qualification 



Wafer Process/Design 
Qualification 




Products 
Qualification 



Figure III- 1 . Qualification Procedure for New Technologies 
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External Visual 



Elec. Characteristics 



Elec. Characteristics 



Life 
Test 



High Temp. Dynamic Life 



High Temp. Static Life 



PCT + Static Bias 



Elec. Characteristics 



Lot Release 



Figure III-2. Quality Assurance System in Mass Production Process 



Periodical 
Reliability 
Test 



Classification of Inspection 


Sampling Plan 


LTPD (%) 


C 


External 
Visual 


Catastrophic Defect 


1.2 





Major Defect 


1.2 





Minor Defect 


1.2 





Electrical Characteristics Inspection 


1.2 





Life 
Test 


High Temp Dynamic Life 


20 





High Temp 


20 





PCT ♦ Static Bias 


20 






Assembly 
lot less 



Wafer lot 
basis 



Table III. MOS IC Product Lot Assurance Inspection Criteria 
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IV. Reliability test results 

RELIABILITY REPORT OF TOSHIBA INTEGRATED CIRCUITS 

Type : CMOS Silicon Gate Dynamic RAM 



TC5116100J16MDRAM 

TC5116100J/Z/FT/TR 

TC51 16101 J/Z/FI7TR 

TC5116102J/Z/FT/TR 

TC5116400J/Z/FI7TR 

TC5116402J/Z/FT/TR 

TC5116410J/Z/FI7TR 

TC5117400J/Z/FT/TR 

TC5117402J/Z/FT/TR 

TC5117410J/Z/FT/TR 

January 1993 

SEMICONDUCTOR QUALITY ASSURANCE DEPARTMENT 
RELIABILITY ENGINEERING SECTION II 
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1. Test Device 



Type 


Functions 


Package 


Leads 


TC5116100J 
TC5116101J 
TC5116102J 


16,777,216 Words 
x 1 bit 
Dynamic RAM 


SOJ 400 mil 


28 (24) 


TC5116100Z 
TC5116101Z 
TC5116102Z 


ZIP 475 mil 


24 


TC5116100FT/TR 
TC5116101FT/TR 
TC5116102FT/TR 


TSOP 400 mil 


28 (24) 


TC5116400J 
TC5116402J 
TC5116410J 


4,194,304 Words x 
4 bit 
Dynamic RAM 
(4K Refresh) 


SOJ 400 mil 


28 (24) 


TC5116400Z 
TC5116402Z 
TC5116410Z 


ZIP 475 mil 


24 


TC5116400FT/TR 
TC5116402FT/TR 
TC5116410FT/TR 


TSOP 400 mil 


28 (24) 


TC5117400J 
TC5117402J 
TC5117410J 


4,194,304 Words x 
4 bit 
Dynamic RAM 
(2K Refresh) 


SOJ 400 mil 


28 (24) 


TC5117400Z 
TC5117402Z 
TC5117410Z 


ZIP 475 mil 


24 


TC5117400FT/TR 
TC5117402FT/TR 
TC5117410FT/T 


TSOP 400 mil 


28 (24) 



2. Failure Rate Estimation 



Sample Size 


Type 


Equivalent 
Component Hours 
T a = 60°C, V cc = 5.0V, 
E a = 0.3 eV, |3 = 3 


Number of Failures 


Failure Rate (Fit)* 


700 


SOJ 


11.6 X10 7 


3 


36 
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3. Test Results 



3.1 Life Tests 



Test Item 


Condition 


Package 
Tvne 


Sample Size 


No. of Failures/Test Time 


High Temper- 
ature Operat- 
ing 


T a =125°C 
V CC =7.0V 


SOJ 


500 


168H 


336H 


500H 


1000H 


1500H 


2000H 


Low Tempera- 


T a =30°C 


SOJ 


60 





*i 2 











* 2 1 


ture Operating 


v —7 nv 
v cc-'- uv 



















High Temper- 




















ature Operat- 


T a =150°C 


SOJ 


300 



















ing 




















Temperature 
Humidity 
Bias 


T a =85°C 
RH-85 
V CC =5.5V 


SOJ 


300 




















ZIP 


200 


















TSOP (FT) 


100 






















TSOP (TR) 


100 



















*1: Column failure, Single bit failure 
*2: Column failure 



3.2 Thermal Environmental Tests 



Test Item 


Package 
Type 


Sample Size 


Test Time 


Failures 




SOJ 


22 







Soldering Heat 


ZIP 


22 









TSOP 


22 







Temperature * 
Cycling 


SOJ 


300 







ZIP 


200 


1000 eye 





TSOP 


100 









SOJ 


22 







Thermal Shock 


ZIP 


22 


30 eye 







TSOP 


22 









SOJ 


22 







Moisture Resistance 


ZIP 


22 


10 eye 







TSOP 


22 








* With Pre-Conditioning 

SOJ/TSOP (FT):TCT 20 cyc->125°C 20HBake (SOJ)-> 85°C/60% 168H-> I.R. 

6HBake (TSOP) (240°C max X 4 times) 

TSOP (TR):TCT 20 cyc-> 125°C 6H Bake ' 30°C/60% 30H-> I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye -> 85°C/85% 168 H-> Solder dip (260°C 10 sec.) 
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3.3 Mechanical Tests 



Test Item 


Package 
Type 


Sample Size 


Failures 




Vibration (Variable 
Frequency) 


SOJ 


22 







ZIP 


22 







TSOP 


22 









SOJ 


22 







Mechanical Shock 


ZIP 


22 









TSOP 


22 









SOJ 


22 







Constant Acceleration 


ZIP 


22 









laUr 


22 


U 




3.4 The Others 










Test Item 


Package 
Type 


Sample Size 


Test Time 


Failures 




SOJ 


22 







Solderability 


ZIP 


22 


■ 







TSOP 


22 









SOJ 


22 







Salt Atmosphere 


ZIP 


22 


24 hours 







TSOP 


100 









SOJ 


100 







Pressure Cooker"* 


ZIP 


100 


300 Hours 







TSOP 


100 








* With Pre-Conditioning 

SOJ/TSOP (FT):TCT 20 cyc-»125°C 20HBake (SOJ)-> 85°C/60% 168H-> I.R. 

6HBake(TSOP) (240°C max X 4 times) 

TSOP (TRVTCT 20 cyc-> 125°C 6H Bake ' 30°C/60% 30H-» I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye -» 85°C/85% 168 H-> Solder dip (260°C 10 sec.) 
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4. Test Conditions 



Group 


Tests 


Test Conditions 


Referred Standard 


Life Tests 


High Temperature 


T a = Specified Temperature 


MIL-STD-883 

Mpthnrl 1005 


High Temperature 
Storage 


T a = Specified Temperature 


MIL-STD-883 
Method 1008 


Temperature * 
Humidity Bias 


T a = 85°C, RH = 85% 
V cc = 5.5V, VIM = 5.5 V/GND 




Thermal 
Environmental 
Tests 


Soldering Heat 


260°C, 10 sec. 
Dipped into meltingsolder to a depth 1 .5±0.8 mm from 
the body 


MIL-STD-750 
Method 2031 


Temperature * 
Cycling 


Jcoc ~1 I 100 cycles 
~ OJ ^ | 20 min 20 min | 


MIL-STD-883 
Method 1010 


Thermal Shock 


10 °° C , , ,- 30cvcles 
0°C | 5 min | 5 min p 3U cvcles 


MIL-STD-883 
Method 1011 


Moisture Resistance 


65°C 
25°C 
-10°C 


24H 

J 3H v 3H V_ 3H 
RH = 90-98% 1 ' 


10 cycles 


MIL-STD-883 
Method 1004 


Mechanical Tests 


Vibration 
(Variable Frequency) 


100-2000 Hz, 20 G, 4 min./l sweep 
3 orientations, 4 times each 


MIL-STD-883 
Method 1008 


Mechanical Shock 


1500 G, 0.5 msec, 
4 orientations, 3 times each 


MIL-STD-883 
Method 2007 


Constant Acceleration 


20000 G, 6 orientations, 1 min. each 


MIL-STD-883 
Method 2002 


The Others 


Solderability 


SOJ 


230°C, 5 sec. 
215°C, 10 sec. 


at least 
95% cov- 
ered 


MIL-STD-883 
Method 2001 


Salt Atmoshere 


5% salt atmoshere, 35%C, 24 Hours 


MIL-STD-883 
Method 1009 


Pressure Cooker * 


2.5 atm. (T a = 127°C, RH = 100%) 





* With PresJBenditioning 

SOJ/TSOP (FT):TCT 20 cyc->125°C 20HBake (SOJ)-> 85°C/60% 168H-> I.R. 

6HBake (TSOP) (240°C max X 4 times) 

TSOP (TR):TCT 20 cyc-» 125°C 6H Bake ' 30°C/60% 30H-> I.R. (240°C max X 4 times) 
ZIP:TCT 20 eye -> 85°C/85% 168 H-> Solder dip (260°C 10 sec.) 
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Symmetrical vs. Asymmetrical Dynamic RAM Addressing 

With the introduction of higher density and wide data path DRAM products, a new method of addressing, 
called asymmetrical addressing, has also been introduced. For example, Toshiba's 16M- bit DRAM product 
lineup includes the following: 



PRODUCT 


ADDRESSING MODE 


16Mxl 


12 Row/12 Column (Symmetrical) 


4Mx4 


12 Row/10 Column (Asymmetrical) 
1 1 Row/1 1 Column (Symmetrical) 


2Mx8 


11 Row/10 Column (Asymmetrical) 


!Mxl6&lMxl8 


12 Row/8 Column (Asymmetrical) 
10 Row/10 Column (Symmetrical) 



As the advantages and disadvantages of symmetrical and asymmetrical addressing are being discovered, 
the application base and their addressing preference has become segmented. The purpose of this Application 
Note, is to present the advantages and disadvantages of the different addressing modes and to provide foresight 
in matching the addressing mode to the application. 

COMPATIBILITY 

Since DRAM's with symmetrical addressing have the same number of row addresses as column addresses, 
they are backward compatible with the previous generation. This is critical for applications where the higher 
density device will be used to replace the lower density device without a re-design of the DRAM controller. For 
example, the 4Mx4 DRAM with 1 1 row and 1 1 column addresses has the same addressing as the 4Mxl DRAM. 

Another important application for symmetrical addressing is in modules. One of the industry's most 
popular module configurations is the 1Mx36. Current implementations of the 1Mx36 module use eight pieces 
of 1Mx4 and four pieces of lMxl DRAM. We can now replace this module with a fully compatible version 
using only 2 pieces of the 1Mx18 DRAM with 10 row and 10 column addresses. Besides the performance 
advantages, such as a lower module height profile, and less power consumption and loading, the use of the 
higher density DRAM product also provides lower cost (after price- per-bit crossover) and a solution with a 
longer life. 

DRAM's with asymmetrical addressing cannot be used as "drop-in" replacements for the previous 
generation products, without a redesign of the DRAM controller, due to the incompatibility of addresses. 

REFRESH 

The number of row addresses affects the refresh rate since all rows of the DRAM must be refreshed within 
a specified refresh period. For example, one of the devices previously listed is the 4Mx4 DRAM with 12 row 
addresses and 10 column addresses. Since this device has 12 row addresses, it has 4096 rows of memory cells. 
The industry has also adopted the terminology "4K refresh" to describe the asymmetrical address 4Mx4 device. 

The table below shows how the addressing method affects the refresh rate, using the 1Mx16 DRAM as an 
example, and offers some interesting insight for low-power applications . 
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STANDARD REFRESH 


EXTENDED REFRESH 


DRAM TYPE 


BURST 


DISTRIBUTED 


BURST 


DISTRIBUTED 


IMxl6 Asym 
12 Row/8 Col 


4K cycles per 64ms 


1 cycle per 15.6us 


4K cycles per 128ms 


1 cycle per 3 lus 


IMxl6 Asym 
10 Row/10 Col 


IK cycles per 16ms 


1 cycle per 15.6us 


IK cycles per 128ms 


1 cycle per 125us 



Note: Extended Refresh calculations assume tREF = 128ms max. 



As shown above under the columns labeled "Standard Refresh", the addressing method has no effect on 
the refresh rate when using distributed refresh. The row refresh rate is 15.6 us. However, there are many 
applications which require low standby power consumption utilizing the extended refresh capability of the 
DRAM. The longer the refresh period is extended, the lower the standby power. 

As shown above, there is an advantage for the symmetrical device in applications which use extended 
distributed refresh. The symmetrical device's distributed rate can be extended by a factor of eight vs. only two 
for the asymmetrical device. 

One may wonder why the 1Mx16 asymmetrical device's burst refresh rate is not extended to 4K cycles 
every 512 ms, which would provide a distributed refresh rate of 125 us. The issue is that at 512 ms, some of the 
DRAM cells may lose their data. Although the exact point at which a DRAM cell can no longer retain data 
depends on the DRAM manufacturer's design and process technology, most would probably agree that a refresh 
period (tREF) of 5 12 ms is very difficult for all of the cells in the DRAM array to achieve. It is possible to screen 
the DRAM for longer data retention periods, however the yields may be very low and resulting price premiums 
unattractive. 

The data retention problem will become even more of an issue for higher density DRAM products and the 
advantage of using symmetrical addressing in extended refresh applications will become even more apparent. 

POWER CONSUMPTION 

The asymmetrical devices were designed to provide a lower power solution. With more rows than 
columns, there is less internal circuitry (sense amplifiers, etc.) per row, hence less power consumed when a row 
is accessed. 

DRAM specifications for average power supply operating current and refresh current clearly show an 
advantage for the asymmetrical device. An example, using Toshiba's 4Mx4 DRAM (a 70 ns device operated at 
minimum cycle time), is shown in the following table. 



SPECIFICATION 


4Mx4 Asym. 


4Mx4 Sym. 


Operating Current 


80mA max. 


110mA max. 


RAS-only Refresh Current 


80mA max. 


110mA max. 


CAS-before-RAS Refresh Current 


80mA max. 


110mA max. 



While these specifications demonstrate a clear advantage for the asymmetrical devices, one must consider 
the application to determine the true power consumption. As mentioned in the previous section, standby current 
is lower for the symetrical device, therefore the percentage of the time the application's DRAM is active vs. 
inactive (duty-cycle) must be considered to determine overall power consumption. 

During any DRAM access, the peak power consumption occurs when a row is activated (RAS goes active), 
and the average power consumption is inversely proportional to cycle time. This means that applications which 
perform mostly random accesses at minimum cycle time will derive the most benefit from using asymmetrical 
addressing. As the cycle time increases, the power saving benefit of asymmetrical addressing decreases. 
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This last point is especially important for applications which utilize the DRAM's fast page mode 
capability. The longer the application stays in page mode, the smaller the difference in power consumption 
between asymmetrical and symmetrical devices. This is because of the long cycle time associated with fast page 
mode. Toshiba's 4Mx4 DRAM average power supply current specifications for fast page mode verify this, as 
this specification is the same regardless of the addressing mode of the device. 

Some other DRAM devices may show a power consumption advantage for the asymmetrical device in fast 
page mode. This is most likely due to the definition of fast page mode and not a reflection of a long cycle time. 
Most DRAM manufacturers define fast page mode as two or more consecutive column addresses in the same 
page. Obviously, a page length of two does not require a long cycle. 

PAGE LENGTH 

Applications which utilize fast page mode such that data is read from the entire page (or attempt to stay in 
the same page as long as possible) will benefit most from the symmetrical device since it has more column 
addresses and hence a longer page length. 

ACCESS TIME 

There appears to be an advantage emerging for wider (xl6/xl8) asymmetrical devices. Faster access and 
cycle times imply higher operating current. In addition, the operating current is even higher for devices with 
symmetrical addressing since more internal circuitry is activated during a random access (when RAS goes low). 
The reliability effects of this large amount of current are now under study for symmetrical addressing. The high 
operating current is only an issue for wider (x 167x18) devices because of the larger disparity between 
asymmetrical and symmetrical addressing (12 row addresses vs. 10 row addresses). At this time, Toshiba is 
offering 60 ns for our 1Mx16 and 1Mx18 DRAM's with asymmetrical addressing, but only 70 ns for 
symmetrical addressing, with 60 ns under study. 

SUMMARY/CONCLUSION 

A summary of the advantages and probable applications for both addressing modes is shown in the table 
below. New applications which will not realize any major advantage by using either of the two addressing 
modes would benefit most from a DRAM controller design which supports both addressing modes. This allows 
maximum product sourcing flexibility and upward compatibility with higher density products. 



Symmetrical 


Asymmetrical 


1. Backward compatible with older generations 

2. Replacement of older generation module solutions. 

3. Longer extended distributed refresh period in low 
powertoattery operated applications 

4. Longer page length, with no difference in power 
consumption vs. asymmetrical device for long page 
mode cycles. 


1. Lower power consumption for random access or fast 
cycle time applications. 

2. Possibility of faster access times for wide I/O 
devices. 
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DRAM Comparison: 5V 1Mx4 vs. 3.3V 1Mx16 

Due to the ever-increasing demand for portable computer products with long battery life, DRAM 
manufacturers have been pushed to supply 3.3V DRAMs. Currently, the supply for 3.3V DRAMs has not been 
able to keep pace with the demand. 

Fortunately, one can replace an existing product designed for 3.3V 4M DRAMs with a new one designed 
for 5V 16M DRAMs, and realize lower power along with several other advantages. An example is shown below 
for a system with 4M bytes of DRAM. 



COMPARISON 


3.3V 1Mx4 80ns 


5V lMxl6 80ns 


Number of DRAMs for 4MB 


8 


2 


Board area - SOJ package 


1.9 (normalized) 


1 (normalized) 


Board area - TSOP package 


2.6 (normalized) 


1 (normalized) 


Operating/Refresh Power 


1.73Wmax. 


1.32W max. 


Fast Page Mode Power 


1.15W max. 


0.72W max 


Standby Power (TTL) 


28.8mW max. 


22.0mW max. 


Standby Power (CMOS) 


7.2mW max. 


llmW max. 


Input Capacitance (Addr) 


40pF max. 


lOpF max. 


Input Capacitance (Other) 


56pF max. 


14pF max. 



Note 1: The 1Mx16 DRAM with symmetrical addressing (10 row/10 column) was used for this 
comparison since it is fully compatible with the 1Mx4 DRAM in terms of addressing and refresh. 

Note 2: The above power consumption comparison is based on maximum DC voltage and current 
specifications. 

As this example clearly shows, the 1Mx16 offers not only lower power consumption, but also consumes 
less board area and load capacitance. Similar comparsons could be made for other 16M DRAM products 
replacing 4M DRAMs and the results would be the same . 
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Module Conversion from 4M DRAM Based to 16M DRAM Based 

Toshiba offers several module configurations which have compatible 4M DRAM based and 16M DRAM 
based versions. These are listed below. 

CONFIGURATION 4M DRAM BASED 16M DRAM BASED 



1Mx32 THM321000A THM3210B0A 

2Mx32 THM322020A THM3220C0A 

1Mx36 THM361020A THM3610B0A 

2Mx36 THM362020A THM3620C0A 

4Mx36 THM364080A THM364020 



The advantages of using 16M DRAM based modules to replace 4M DRAM based modules include 
technical advantages such as reduced height profile, power consumption, and input capacitance. An example is 
shown on the next page. At 4M/16M DRAM price per-bit crossover, 16M DRAM based module also provides 
a lower cost solution. There are some additional advantages which may not be as obvious. 

16M DRAM based modules can provide a feasible solution for extending the life of the module. For 
example, one the most popular module configurations is the 1Mx36. A 4M DRAM based 1Mx36 is assembled 
with eight 1Mx4 DRAMs and four lMxl DRAMs. In comparison, the 16M DRAM based 1Mx36 uses only 
two 1Mx18 DRAMs. Long after the lMxl DRAM has been phased out of production (and hence the 4M DRAM 
based 1Mx36), the 16M DRAM based 1Mx36 module can still be produced. 

Reduced component count by converting from 4M to 16M DRAM based modules also means a reduction 
in soft error rates on a per bit basis. 

For specific details on the technical advantages of using 16M DRAM based modules, please refer to the 
specific data sheet for the module configuration of interest. 
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x36 MODULE COMPARISON 



4M DRAM Based 

THM364080ASG 




33.02mm Height 



16M DRAM Based 

THM364020SG 



t 



22.86mm Height 



lcd[mA] 

2000 



1500 



led ■ tRC 



1000 



500 




Ta-25°C 
Vcc=5.5V 
tRP-40ns Fix 
VIH/L-2.4V/0.8V 



-a- ! AM DRAM Based 

1 i I MMH 
-^ i16M DRAM Based 




1000 



CAPACITANCE (V cc = 5V ± 10%, f=lMHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


4M DRAM Based 


16M DRAM Based 


CI 


Input Capacitance (AO ~ A10) 


190 


88 


CI2 


Input Capacitance (W) 


190 


84 


CD 


Input Capacitance (RS5U, KA52) 


100 


42 


CI4 


Input Capacitance (CASO, CAS2) 


60 


36 


CDQ1 


I/O Capacitance (DQ0 ~ 7,9 ~ 16, 18 ~ 25, 27 ~ 34) 


35 


17 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 


35 


22 
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DRAM Module Applications 



The industry's most popular DRAM modules consist of various configurations of the 72-pin family. The 
different module configurations of the 72-pin family are optimized for specific applications. The information 
shown below summarizes the various 72-pin module configurations offered by Toshiba, their typical 
applications, and some characteristics which distinguish the different configurations. 



The x32 modules are optimized for non-parity applications with 16 or 32-bit data bus widths. A single 
bank x32, such as the 1Mx32 or 4Mx32, has single RAS and CAS controls. A double bank x32, such the 2Mx32 
or 8Mx32, has double RAS and CAS controls. In either case, a 32-bit word is read or written in each cycle. 

The x36 parity modules are optimized for parity applications. In parity applications, a 9-bit word is read 
or written in each cycle. In the case of single bank x36 parity modules, such as the 1Mx36 or 4Mx36, there are 
four CAS controls, one for each 9- bit word. Additionally, there are two RAS controls to reduce active power 
consumption and simplify 16-bit data bus width designs. Double bank x36 parity modules, such the 2Mx36 or 
8Mx36, have the same number of CAS controls and twice as many RAS controls to act as bank enables. 

The x36 ECC modules are optimized for 8-byte ECC applications with 64 bits of data and eight ECC bits. 
In this case, a single 36-bit word is read or written in each cycle, and two modules are used to realize the full 
72-bit word. 

The x40 modules are optimized for 4-byte ECC applications with 32 bits of data and seven ECC bits. 
These applications actually need a x39 module, but the use of x4 DRAMs makes x40 easier. Additionally, the 
extra bit has been useful in some custom ECC applications. 

Hopefully this information combined with the data sheets will allow the proper module selection. For 
additional information, please contact your local Toshiba Sales Office. 



CONFIGURATION 



TYPICAL APPLICATIONS 



x32 

x36 (Parity) 
x36 (ECC) 
x40 



Low to medium range PCs, Printers 
Medium to high range PCs, Workstations, Servers 
High range PCs, Workstations, Servers 
Workstations, Servers 
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